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(57) Abstract: This invention is directed to a regulatory re- 
gion obtained from a wheat aleurone gene LtpWl. This reg- 
ulatory region, truncated derivatives, mutations, or deletions 
of this regulatory region, can be used to express heterologous 
genes of interest within aleurone cells of a plant. Furthermore, 
this invention is directed to a truncated LtpWl regulatory re- 
gion that exhibits constitutive activity within both monocot and 
dicot plants. This invention is also directed to vectors com- 
prising these regulatory regions operatively linked with a het- 
erologous gene of interest, as well as plant cell cultures and 
transgenic plants comprising these vectors. A method for the 
preparation of a plant using the regulatory regions of this in- 
vention are also disclosed. 
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REGULATORY REGION OF A LIPID TRANSFER PROTEIN (LTPWl) FROM ALEURON TISSUE OF 
WHEAT 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to plant gene regulatory regions and their use in 
the expression of genes of interest. More specifically, the present invention relates to 
the use of an aleurone regulatory region for organ, and tissue specific expression of a 
gene of interest within aleurone tissues of plants, and for constitutive expression of a 
10 gene of interest within monocot and dicotyledonous plants. This invention also pertains 
to derivatives of the aleurone regulatory region and their activity in monocot and 
dicotyledonous plants. 

The endosperm of a seed is the site of deposition of storage products such as 
15 starch and proteins used by the developing embryo during germination. The endosperm 
surrounds the embryo of developing and mature cereal seeds. The endosperm 
comprises a peripheral layer of aleurone cells, which are specialized secretory cells. 
During germination, the aleurone layer is involved in the transfer of metabolites from 
the transport system to the endosperm. Furthermore, several antimicrobial compounds 
20 required to protect the seed during dormancy, imbibition and germination are 
synthesized within this tissue. The aleurone cells differentiate from primary 
endosperm cells 10-21 days after fertilization. 

Several aspects of hormonal regulation of gene transcription within aleurone 
25 tissue, in germinating barley seeds have been well characterized ( Fincher 1989, Annu, 
Rev. Plant Physiol. Mol. Biol. 40:305-346). For example, genes encoding a-amylase, 
responsible for the digestion of the starch stored within the starchy endosperm, and 
P-glucanase, which digests the cell walls, have been isolated and characterized (WO 
90/01551 Rogers; US 5,677,474 Rogers, issued October 14, 1997; Karrer et al 1991, 
30 Plant Mol. Biol. 16:797-805; Slakeski and Fincher 1992). Furthermore, several 
structural and regulatory genes involved in anthocyanin biosynthesis within the 
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aleurone have been isolated and characterized (Paz- Ares et al 1987, EMBO J. 
5:829-833; Dellaporta et al 1988, pp263-282 18th Stadler Genet. Symp. ed. J. P. 
Gustafsant and R.Appels). Other genes representing differentially expressed transcripts 
within aleurone layers have also been reported including CHI26 (Lea et al 1991, J. 
5 Biol. Chem. 266:1564-73); pZE40 (Smith et al 1992, Plant Mol. Biol. 20:255-66); 
pHvGS-1, and pcHthS (Heck and Ho 1996, Plant Mol. Biol. 30:611-23). Several 
genes encoding lipid transfer proteins (Ltp) have also been obtained from barley 
aleurone tissues, including BllE- barley Ltpl, and B12A- barley Ltp2 (Jakobsen et al 
1989, Plant Mol. Biol. 12: 285-93). Only one of these genes, B12A, has been 
10 expressed ectopically in transgenic plants. In this case the promoter is active only 
during seed development (Kalla et al 1994 Plant J. 6:849-860) 

Lipid transfer proteins are responsible for the transfer of phospholipids between 
membranes in vitro, and likely play a role during membrane biogenesis. This may be 

15 especially important in aleurone cells which are known to develop extensive membrane 
systems. Skriver et al (1992, Plant MoLBiol. 18: 585-589) disclose the sequence of 
a genomic Ltp (Ltpl), including the promoter region, from barley. Northern analysis 
demonstrated that this gene was specifically expressed in developing and germinating 
seeds, as well as in whole seeds and aleurone layers obtained from seeds 30 days post 

20 anthesis (dpa). No expression of Ltpl mRNA was observed in root, leaf, or shoot 
tissues, or coleoptiles of germinating seeds. Linnestad et al (1991, Plant Physiol 97: 
841-843) also discloses the promoter sequence of the Ltpl promoter from barley which 
was obtained using barley cDNA B12A as a probe. The Ltpl promoter, as well as 
a modified form of this promoter is disclosed in WO 95/23230 (February 23, 1995; 

25 Olsen et al). The modified form of the Ltpl promoter was not specific to directing 
expression within aleurone cells, and was active in a range of plant organs and tissues 
including aleurone cells, scutellar epithelial tissue and vascular tissue during 
germination or in the plant, including root, leaves and stem. 

30 The promoter of B 12A (also termed Ltp2) directs expression specifically within 

the aleurone layer of developing grain as determined using transgenic cereal plants 
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(Kalla et al 1994, Plant J. 6: 849-860). The sequence of the Ltp2 promoter is disclosed 
in CA 2,110,772 (filed December 6, 1993, Oisen and Kalla) and US 5,525,716 (Kalla 
et al). Dieryck et al (1992, Pit,. Molec. Biol 19:707-709) disclose the incomplete 
cDNA sequence of a wheat (Triticum durum) Ltp (pTd4.90). Ltp genes comprise a 
5 multigenic family and are ubiquitous in plants. Unformnately as these genes or 
corresponding proteins have been isolated from various species there is ho uniformity 
in the terminology use;d to identify the genes. Hence Ltpl from tobacco, barley and 
Arabidopsis are not the same. As well, two barley Ltp2 genes are described in the 
literature; barley Lpi2 as described in Molina and Garcia-Olmedo (Plant J. 4:983-991) 
10 is a leaf Lpt, while barley Ltp2 as described in Kalla et al (1994 Plant J. 6:849-860) 
is aleurone specific. 



It is desirable to provide regulatory regions capable of controlling aleurone 
specific expression that is not detrimental to the developing embryo and seedling. 
15 Aleurone-specific regulatory regions may be used for the regulation of the expression 
of heterologous or native genes within aleurone tissue of cereal seeds in order to 
modify grain development and germination. For example, placing genes of interest 
under the control of aleurone-specific regulatory regions may be used to: 

20 1) mediate the unloading of metabolites from the transport system into the 

endosperm, since this metabolite unloading is processed through aleurone cells. 
By expressing genes of interest involved in this process specifically within the 
aleurone, the grain yield may be affected. For example, which is not to be 
considered limiting in any manner, these genes of interest may include Na^ 

25 and K"" ATPases functioning in active transport, modifiers of membrane pore 

exclusion parameters such as TMV movement proteins, invertase for sucrose 
transport etc.; 

2) affect the quality of the grain, through the production of specific proteins or 
30 enzymes, lipids, secondary metabolites etc. and their secretion into the 

endosperm during endosperm development or endosperm digestion. For 
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example, which is not to be considered limiting in any manner, such proteins 
may include starch synthase, ADP glucose pyrophosphorylase, monoclonal 
antibodies, glutenins, anticoagulants (eg hirudin), anti-pathogenic phenolics 
etc.. Furthermore, expression of a gene of interest within the aleurone may 
5 also be used in order to express proteins for nutritional or medicinal purposes 

for feeding to animals or humans; 

3) regulate pre-harvest sprouting by affecting dormancy, for example which is not 
to be considered limiting, by over-expression of ACC synthase to induce 
10 inhibitory levels of ethylene; 

4) enhance alcohol production- introduction of novel high temperature resistant 
enzymes for industrial application, including, but not limited to, thermostable 
amylases, pectinases and invertase; 

15 

5) modify disease resistance of developing and germinating grains by expressing 
proteins, for example but not limited to, oxalate oxidase, glucose oxidase, 
chitinase, or lipid transfer proteins, in combination with a suitable signal peptide 
for targeting to the extracellular matrix and cell wall localization. This 

20 approach can be used to modify the matrix to provide a stronger physical 

barrier against invading pathogens or to direct specific anti-pathogen agents to 
the aleurone/pericarp interface. 

This invention characterizes a novel wheat aleurone specific regulatory region 
25 active during embryo development and germination and which controls expression of 
heterologous genes of interest within transgenic plants. Furthermore, this invention 
relates to a constitutive regulatory element that is active within monocot and 
dicotyledonous plants, and which can be used to drive the expression of a gene of 
interest in a variety of plants. 

30 



BNSDOCID: <WO 0127296A1 J^> 



wo 01/27296 

SUMMARY OF THE INVENTION 



-5- 



PCT/CAOO/01185 



The present invention relates to plant gene regulatory regions and their use in 
the expression of genes of interest. More specifically, the present invention relates to 
5 the use of a constitutive regulatory region and derivatives of this regulatory region for 
expression of a gene of interest within both monocotyledonous and dicotyledonous 
plants. 

Accordingly, the present invention is directed to a regulatory element 
10 comprising, the nucleotide sequence of SEQ ID NO:3, or a fragment, mutation, or 
derivative thereof, or a nucleotide sequence that hybridizes to the nucleotide sequence 
of SEQ ID NO:3 under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42 ''C; and washing from about 0.5XSSC to about 0.2XSSC at 65°C, and 
exhibits regulatory element activity. Preferably, the regulatory element exhibits 
15 constitutive activity. Furthermore, the present invention includes the regulatory 
element as just defined wherein the regulatory element is a chimeric regulatory 
element, comprising an exogenous regulatory element selected from the group 
consisting of an enhancer element and a silencer element, 

20 This invention also pertains to a vector comprising the regulatory element 

defined above in operative association with a gene of interest, and to a transformed 
plant cell culmre, a transgenic plant, either monocotyledonous or dicotyledonous plant, 
or a transgenic seed comprising the vector as just defined. 

25 The present invention also embraces a regulatory element comprising, a 

nucleotide sequence selected from the group consisting of SEQ ID NO's:5 - 11 and 22- 
26, or a fragment, mutation, or derivative thereof, or a nucleotide sequence that 
hybridizes to a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26, under the following conditions: hybridization in 5XSSC and 

30 50% formamide at 42°C; and washing from about 0.5XSSC to about 0.2XSSC at 
65 ""C, and that exhibits regulatory element activity. 
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This invention relates to a transgenic dicotyledonous plant comprising a gene 
construct, wherein the gene construct comprises: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutation, or derivative thereof, 
5 or a nucleotide sequence that hybridizes to a nucleotide sequence 

selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42 ^^C; and washing from about 0.5XSSC to about 
0.2XSSC at 65°C, and hat exhibits regulatory element activity; and 
10 ii) a gene of interest in operative association with said nucleotide sequence. 

Furthermore, this invention includes a transgenic monocotyledonous plant 
comprising a gene construct comprising: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
15 NO's: 5-11 and 22-26 , or a fragment, mutation, or derivative thereof, 

or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42''C; and washing from about 0.5XSSC to about 
20 0.2XSSC 2it65°C, and that exhibits regulatory element activity; and 

ii) a gene of interest in operative association with said nucleotide sequence. 

The present invention also considers a method of expressing a gene of interest 
within a plant comprising: 
25 i) operatively linking a gene of interest for which expression is 

desired with the regulatory region of claim 1 to produce a gene 
construct; and 

ii) introducing said gene construct into said plant and allowing for 
expression of said gene of interest. 
30 This method includes a plant that is a monocotyledonous plant, or a dicotyledonous 
plant. 
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This summary of the invention does not necessarily describe all necessary 
5 features of the invention but that the invention may also reside in a sub-combination 
of the described features. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



These and other features of the invention will become more apparent from the 
following description in which reference is made to the appended drawings wherein: 

5 

FIGURE 1 shows Ltp expression in aieurone tissues of Hordeum and Triticum species 
using Northern analysis hybridized with a barley Ltpl DIG-labelled cDNA. 
Figure 1(a) shows Hordeum vulgare at 20 dpa; Figure 1(b) shows Triticum 
aestivum at 10 dpa; Figure 1 (c) shows T. aestivum at 20 dpa; Figure 1 (d) 
10 shows T. tungidum at 10 dpa. 



FIGURE 2 shows RN A in situ hybridization of ^'^S-labelled barley Ltp ribo-probe in 
73h germinating, and 18 dpa developing wheat grain. Figure 2 (a) and Figure 
2 (b) show 73 h germinating wheat grain, and Figure 2 (c) and Figure 2 (d) 
15 show 18 dpa developing wheat grain. Figure 2 (a) and Figure 2 (c) show 

hybridization results using anti-sense probe; Figure 2 (b) and Figure 2 (d) show 
hybridization with sense probe. 



FIGURE 3 shows the DNA sequence of the genomic LtpWl gene. The coding region 
20 is underlined (the intron is not underlined). The ATG start and TOG stop 

codon are in bold type. The cap site, TATA, CAT boxes are italicized and 
double-underlined at positions -83, -117 and -222, respectively. SEQ ID NO 
1 runs from -687 to -1, SEQ ID NO 2 runs from -473 to -1, and SEQ ID NO 
3 runs from -206 to -1. 

25 

FIGURE 4 shows the DNA sequence alignment of LtpWl and barley Ltp genes. 
Figure 4 (a) shows alignment of LtpWl (top row) and barley Ltpl (bottom 
row); Figure 4 (b) shows alignment of LtpWl (top row) and barley Ltp2 (Kalla 
et al 1994 Plant J. 6:849-860). The ATG of the Ltp genes is overlined. 
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shows the LtpWl regulatory region constructs, in all three constructs 
the ADH1S6 intron lies between the LtpWl regulatory region and the 
coding region of the marker gene, GUS. Figure 5(a) p687LtpWl-GUS; 
Figure 5(b) p47 3 LtpWl -GUS ; Figure 5(c) p206LtpWl-GUS; Figure 
5(d) pLC-GUS, the promo terless control used in transient assays. 



FIGURE 6 shows two constructs used for comparative studies containing prior art 
promoters. Figure 6(a) P35s-GUS, Figure 6(b) pACT-GUS. 



10 FIGURE 7 



15 



FIGURES 



shows transient expression of LtpWl regulatory region -GUS 
(p687LtpWl-GUS) fusion in aleurone of cereal grains delivered by 
microprojectile bombardment. Figure 7(a) shows T, aestivum at 15 
dpa; Figure 5(b) shows Zea mays at 13 dpa, and Figure 7(c) shows H. 
vulgare at 12 dpa. 

shows GUS expression in aleurone layer (arrowed) of 3 days 
germinated kernel of Z. mays, Tl self progeny, transformed with 
p473LtpWl.GUS fusion. 



20 FIGURE 9 shows a restriction map of the LtpWl regulatory region corresponding 

to the sequence of SEQ ID NO:l. 

FIGURE 10 shows a diagranunatic representation of the p206Ltp-oxo plasmid 
comprising the 206 fragment of the Ltp regulatory region (Lpt prom), 
25 adjoining an intron and the oxo coding region. 



30 



FIGURE 11 shows the expression of p206Ltp-oxo in leaf tissue of transgenic com. 

CK44 is a non-transformed control, and Act-oxo Homo is an actin-OXO 
T5 line homozygous for the 0X0 gene, and is a high expressing 
positive control. The remaining To transgenic lines comprise p206Ltp- 
0x0. 
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FIGURE 12 shows a series of deletion constructs of the TAP (p206Ltp) regulatory 
region and there activity in com. Figure 12(A) shows a diagrammatic 
representation of the 5* deletion series of the TAP regulatory region fused to 
the reporter GUS. Figure 12(B) shows the activity of the constructs outlined 
in Figure 12(A) within corn callus as determined using transient expression 
analysis. 

FIGURE 13 shows a series of mutational TAP constructs. Figure 13 (A) shows a 
diagranunatical representation of a mutational series TAP 1- TAP 5. Figure 
13(B) shows a diagrammatical representation of several chimeric TAP 
constructs, GCC(4) TAP. G(5) TAP and (Bst2) TAP. Figure 13(C) shows the 
substituted nucleotides within the TAPl to TAP 5 mutational series of Figure 
13(A). Substitutions 1-5 correspond to TAP 1 to TAP 5, respectively. Figure 
13(D) shows the nucleic acid sequence of the deletion series for Figure 13(A). 

FIGURE 14 shows activity of several regulatory regions of the present invention. 
Figure 14(A) shows the activity of a mutational series TAP 1 to TAP 5, and 
several deletion constructs, TAP-150, TAP-100, and TAP-50, and several 
chimeric regulatory regions, GCC(4)TAP, G(5)TAP, (Bst)2TAP in wheat 
callus. Figure 14(B) shows the activity of three other modified TAP regulatory 
regions within wheat callus. Figure 14(C) shows the activity of a mutational 
series TAP 1 to TAP 5, and several deletion constructs, TAP-150, TAP-100, 
and TAP-50, and several chimeric regulatory regions, GCC(4)TAP, G(5)TAP, 
(Bst)2TAP in tobacco leaf cells. 
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DESCRIFnON OF PREFERRED EMBODIMENT 

The present invention relates to plant gene regulatory regions and their use in 
5 the expression of genes of interest. More specifically, the present invention relates to 
the use of a consitutive regulatory region for expression of a gene of interest within 
plants. 

The following description is of a preferred embodiment by way of example only 
10 and without limitation to the combination of features necessary for carrying the 
invention into effect. 

Described below is a constitutive regulatory element p206LtpWl (SEQ ID 
NO:3), that is active in both monocotyledonous and dicotyledonous plants. The 

15 constitutive regulatory element was obtained from a wheat genomic Ltp sequence 
termed LtpWl (SEQ ID NO:4). The coding region of the LtpWl gene sequence 
exhibits about an 85 % homology with barley Ltpl , and includes a 26 amino acid transit 
peptide. The regulatory region of a wheat lipid transfer protein (Ltp) gene, LtpWl, 
has been isolated and characterized. This regulatory region comprises a novel 

20 oligonucleotide sequence (SEQ ID NO: 1), which is active in aleurone of wheat, maize 
and barley. The full length regulatory region is not active in leaf, root, or coleoptile 
tissues. However, a truncated form of LtpWl regulatory region, termed 206Ltp, 
206LtpWl or TAP (Truncated Aleurone Promoter; SEQ ID NO 3), is active in a range 
of tissues and plant organs, and is active in both monocot and dicot plants. 

25 

The regulatory region of LtpWl compared to the barley Ltpl regulatory region 
has 43% sequence similarity with the majority of sequence similarity (82%) occurring 
within 140 nucleotides upstream of the transcriptional start site (see Figure 4(a)). A 
minor sequence similarity was noted between LtpWl and a barley amylase protease 
30 inhibitor, however, no sequence simUarity of any significance was observed between 
LtpWl and Ltp2, or other known Ltp regulatory region sequences. 
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The full length LtpWl regulatory region (687 nucleotides; p687LtpWl; SEQ 
ID NO:l), or a truncated LtpWl regulatory region, p473LtpWl (SEQ ID NO:2; 
comprising a 473 nucleotide fragment of the full length regulatory region), can be 
used to drive the expression of a gene of interest within the aleurone layer of a 
developing and germinating seed of a monocotyledonous plant, for example, but not 
limited to, wheat, rice, barley and maize. 



LtpWl exhibits 8.8% of 35S activity and 12.2 % activity of the strong rice action 
monocot constitutive regulatory region (Table 2, Example 3). Comparison of histological 
10 evidence of expression of Ltp2 (Kalla et al 1 994, Plant J. 6:849-860)), with Figure 7 of 
the present invention (histological evidence of LtpWl activity) indicates that LtpWl 
is more than two times stronger than Ltp2, 



Experiments with deletions of the LtpWl regulatory region indicate that the 473 
15 nucleotide fragment (SEQ ID NO: 2; p473LtpWl) of the full length regulatory region 
is more active in aleurone tissue than the 687 base pair regulatory region, (SEQ ID 
NO: 1), p687LtpWl (Table 3). However, neither the fiill length regulatory region, nor 
the 473 bp truncated regulatory region were active in leaf tissue (see Table 4). A 
truncated regulatory region comprising a 206 bp nucleotide fragment (SEQ ID NO:3, 
20 p206LtpWl, also referred to as TAP) of the full length regulatory region was active 
in aleurone, leaf, and scutellum tissue, functioning as a minimal regulatory region 
element. This 206 bp region therefore represents a novel, constitutive, regulatory 
region useful for expressing a gene of interest within plants. 

25 The 206bp region was also found to direct the expression of a gene of interest 

within leaf tissue of a range of dicotyledonous plants, including Soya, Brassica and 
Nicotiana (Table 6, Example 6). Chimeric constructs comprising the strong monocot 
promoter, the rice actin promoter (McElroy D., Zhang, W., Cao, J., and Wu, R. 
1990. Plant Cell 2:163-171) were also introduced into these plants, and no activity 

30 was observed. These results indicate that the 206bp region also represents a novel 
constitutive regulatory region active in a range of plants, including both dicotyledonous 
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10 



15 



20 



and monocotyledonous plants. Deletion and mutational analysis, and other 
modifications of the TAP regulatory element, including the preparation of chimeric 
regulatory elements, indicate that the level of TAP activity can be increased in both 
monocot and dicot plants (example 7). 

Figure 3 shows the sequence of the LtpWl gene comprising the regulatory 
element region as identified in SEQ ID NO: 1 . The numbering of the regulatory region 
in Figure 3 is from base pairs -687 to -1, while the coding region of the gene is from 
base pairs +1 to 753. Therefore, p687LtpWl comprises the sequence of SEQ ID 
NO:l (nucleotides 1-687), which are equivalent to the sequence of base pairs -687 to 
-1 of Figure 3. p473LtpWl comprises the sequence of SEQ ID NO:2, nucleotides 
214-687 of SEQ ID NO: 1 , or bps -473 to -1 of Figure 3 . p206LtpWl comprises the 
sequence of SEQ ID NO:3, nucleotides 481-687 of SEQ ID NO:l, or bps -206 to -1 
of Figure 3. 

By "regulatory element" or "regulatory region" , it is meant a portion of nucleic 
acid typically, but not always, upstream of a gene, and may be comprised of either 
DNA or RNA, or both DNA and RNA. The regulatory elements of the present 
invention includes those which are capable of mediating organ specificity, or 
controlling developmental or temporal gene activation. Furthermore, "regulatory 
element" includes promoter elements, core promoter elements, elements that are 
inducible in response to an external stimulus, elements that are activated constitutively , 
or elements that decrease or increase promoter activity such as negative regulatory 
elements or transcriptional enhancers, respectively. It is also to be understood that 
enhancer elements may be repeated thereby further increasing the enhancing effect of 
an enhancer element on a regulatory region. In the context of this disclosure, the term 
"regulatory element" also refers to a sequence of DNA, usually, but not always, 
upstream (5') to the coding sequence of a structural gene, which includes sequences 
which control the expression of the coding region by providing the recognition for 
RNA polymerase and/or other factors required for transcription to start at a particular 
site. An example of a regulatory element that provides for the recognition for RNA 
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polymerase or other transcriptional factors to ensure initiation at a particular site is a 
promoter element. A promoter element comprises a core promoter element, 
responsible for the initiation of transcription, as well as other regulatory elements (as 
listed above) that modify gene expression. It is to be understood that nucleotide 

5 sequences, located within introns, or 3* of the coding region sequence may also 
contribute to the regulation of expression of a coding region of interest. A regulatory 
element may also include those elements located downstream (3') to the site of 
transcription initiation, or within transcribed regions, or both. In the context of the 
present invention a post-transcriptional regulatory element may include elements that 

10 are active following transcription initiation, for example translaiional and 
transcriptional enhancers, translational and transcriptional repressors, and mRNA 
stability determinants. 

The regulatory elements, or fragments thereof, of the present invention may be 
15 operatively associated with heterologous or exogenous regulatory elements or 
promoters in order to modulate or mediate the activity of the heterologous regulatory 
element. Such modulation includes enhancing or repressing transcriptional activity of 
the heterologous regulatory element, modulating post-transcriptional events, or both 
enhancing or repressing transcriptional activity of the heterologous regulatory element 
20 and modulating post-transcriptional events. For example, one or more regulatory 
elements, or fragments thereof, of the present invention may be operatively associated 
with enhancer or silencer elements, to mediate the activity of such regulatory elements 
within a variety of plants. Furthermore, an intron, for example, but not limited to, the 
IVS6 intron from maize (Callis, J., 1987. Genes Dev. 1: 1183-1200). or the maize 
25 actin intron (McElroy, D. et al., 1991. Mol. Gen. Genet. 231: 150-160), may be 
included for optimizing expression within monocotyledonous or dicotyledonous plants. 

An "analogue" of the regulatory elements described herein include any 
substitution, deletion, or additions to the sequence of a regulatory element provided 
30 that the analogue maintains at least one regulatory property associated with the activity 
of the regulatory element. Such regulatory properties include directing expression of 
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a gene in operative association with the regulatory element in one or more tissues, or 
directing organ-specific expression, imparting tissue specificity, or a combination 
thereof, or temporal activity, or developmental activity, or a combination thereof, or 
other regulatory attributes including, constitutive activity, negative regulatory 
5 elements, enhancer sequences, or sequences that affect stability of the transcription or 
translation complexes or stability of the transcript. 

The DN A sequences of the present invention thus include the DNA sequences 
of SEQ ID NO: 1 to 11, and 22 to 26, the regulatory regions and fragments thereof, 

10 as well as analogues of, or nucleic acid sequences comprising about 80% similarity 
with the nucleic acids as defined in SEQ ID NO's: 1 to 11 or 22 to26. Analogues (as 
defined above), include those DNA sequences which hybridize under stringent 
hybridization conditions (see Maniatis et al., in Molecular Cloning (A Laboratory 
Manual), Cold Spring Harbor Laboratory, 1982, p. 387-389) to any one of the DNA 

15 sequence of SEQ ID NO: 1 to 11 and 22 to 26, provided that said sequences maintain 
at least one regulatory property of the activity of the regulatory element as defined 
herein. 

An example of one such stringent hybridization conditions may be hybridization 
20 in 4XSSC at 65 °C, followed by washing in O.IXSSC at 65 °C for an hour. 
Alternatively an exemplary stringent hybridization condition could be in 50% 
formamide, 5XSSC at 42 ''C and washing in from about 0.5XSSC to about 0.2XSSC 
at 65°C. Analogues include those DNA sequences which hybridize to any one of the 
sequences of SEQ ID NO: 1 to 11 and 22 to 26 under these hybridization conditions. 

25 

A constitutive regulatory element directs the expression of a gene throughout 
the various parts of a plant and continuously throughout plant development. Examples 
of known constitutive regulatory elements include promoters associated with the CaMV 
35S transcript. (Odell et al., 1985, Nature, 313: 810-812), the rice actin 1 (Zhang et 
30 ai, 1991, Plant Cell, 3: 1155-1165) and triosephosphate isomerase 1 (Xu et al, 1994, 
Plant Physiol. 106: 459-467) genes, the maize ubiquitin 1 gene (Comejo et al, 1993, 
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Plant MoL Biol. 29: 637-646), the Arabidopsis ubiquitin 1 and 6 genes (Holtorf et al, 
1995, Plant MoL BioL 29: 637-646), T1275 (U.S. 5,824,872), and the tobacco 
translational initiation factor 4A gene (Mandel et al, 1995 Plant Mol. BioL 29: 995- 
1004). The regulatory element, p206LtpWK as described herein, is another example 
5 of a constitutive regulatory element. 



The present invention also includes a chimeric regulatory region comprising the 
p206Ltp (also referred to as TAP) regulatory region as defined by SEQ ID NO:3, or 
a nucleic acid that hybridizes to SEQ ID NO: 3, as defined above, a fragment of 

10 p206Ltp (TAP) regulatory region, for example but not limited to, fragments as defined 
by SEQ ID NO's: 5 to 11, or a substituted, modified, or mutated regulatory region, 
for example but not limited to the regulatory regions defined in SEQ ID NO's 22-26, 
and one or mediators of this regulatory activity. By "mediate", it is meant the activity 
associated with an exogenous regulatory element that further regulates the activity of 

15 p206Ltp. For example, which is not to be considered limiting in any manner, a 
mediator may either up regulate, down regulate the activity of TAP, and comprise one 
or more enhancer or silencer elements, respectively. Examples of enhancer elements 
are known in the art, and include, but are not limited to, enhancers active in 
dicotyledonous and monocotyledonous plants, the 35S enhancer, actin enhancer, and 

20 the enhancer from T1275 (Bstl element; U.S. 5, 824,872, which is incorporated herein 
by reference). Furthermore, chimeric regulatory elements comprising p206Lip or an 
analogue or fragment thereof may also include, but are no limited to, the addition of 
one or more GCC boxes, one or more G boxes or other sequences that may otherwise 
regulate the regulatory region activity of the regulatory region (see for example Figure 

25 13(B)). Regulatory region activity associated with such chimeric regulatory regions 
have been demonstrated in monocots (Figure 14(A)) and dicots (Figure 14 (C)). 
However, it is to be understood that other chimeric TAP regulatory regions may also 
be prepared that exhibit desirable regulatory region properties including increasing, 
or modulating regulatory activity. 

30 
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Nucleic acid constructs comprising a chimeric regulatory region associated with 
206LtpWl were therefore examined to determine if exogenous regulatory regions, 
mediators, may further regulate the activity of TAP. Transient expression assays 
indicate that a dicot enhancer element, for example but not limited to an enhancer 
5 obtained from tobacco, is active in increasing the activity of 206LtpWl in plants (e.g. 
Table 6, Example 6). Similarly, one or more GCC boxes or one or more G boxes are 
also able to enhance TAP activity (see Figures 14(A) and 14(C)) in both monocot and 
dicot plants. Therefore, the present invention is also directed to gene constructs 
comprising a chimeric 206LtpWl regulatory region, comprising p206 or a fragment 
10 or analogue thereof in association with at least one other exogenous regulatory region. 
The present invention also pertains to the use of a chimeric regulatory region as just 
described in operative association with a gene of interest. 

Any exogenous gene, or gene of interest, can be used and manipulated 
15 according to the present invention to result in the expression of the exogenous gene. 

By "gene of interest" it is meant any gene that is to be expressed within a host 
organism. Such a gene of interest may include, but is not limited to, a gene that 
encodes a protein directed at improving an agronomic trait of the plant, for example 

20 but not limited to improving plant defence against pathogens, or resistance to 
herbicides. A gene of interest may also include, but is not limited to, a gene that 
encodes a pharmaceutically active protein, for example growth factors, growth 
regulators, antibodies, antigens, their derivatives usefiil for immunization or 
vaccination and the like. Such proteins include, but are not limited to, interleukins, 

25 insulin, G-CSF, GM-CSF, hPG-CSF, M-CSF or combinations thereof, interferons, for 
example, interferon-a, interferon-U, interferon-x, blood clotting factors, for example. 
Factor VHI, Factor IX, or tPA or combinations thereof. A gene of interest may also 
encode an industrial enzyme, protein supplement, nutraceutical, or a value-added 
product for feed, food, or both feed and food use. Examples of such proteins include, 

30 but are not limited to proteases, oxidases, phytases, chitinases, invertases, lipases, 
cellulases, xylanases, enzymes involved in oil biosynthesis etc. 
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The chimeric gene construct of the present invention can further comprise a 3' 
untranslated region. A 3' untranslated region refers to that portion of a gene 
comprising a DNA segment that contains a polyadenylation signal and any other 
regulatory signals capable of effecting mRNA processing or gene expression. The 
5 polyadenylation signal is usually characterized by effecting the addition of polyadenylic 
acid tracks to the 3' end of the mRNA precursor. Polyadenylation signals are 
commonly recognized by the presence of homology to the canonical form 5' AATAAA- 
3' although variations are not unconunon. 

10 Examples of suitable 3' regions are the 3' transcribed non-oranslated regions 

containing a polyadenylation signal of Agrobaaerium tumor inducing (Ti) plasmid 
genes, such as the nopaline synthase {Nos gene) and plant genes such as the soybean 
storage protein genes and the small subunit of the ribulose-1, 5-bisphosphate 
carboxylase (ssRUBISCO) gene. The 3" untranslated region from the strucmral gene 

15 of the present construct can therefore be used to construct chimeric genes for 
expression in plants. 

The chimeric gene construct of the present invention can also include further 
enhancers, either translation or transcription enhancers, as may be required. These 

20 enhancer regions are well known to persons skilled in the art, and can include the ATG 
initiation codon and adjacent sequences. The initiation codon must be in phase with 
the reading frame of the coding sequence to ensure translation of the entire sequence. 
The translation control signals and initiation codons can be from a variety of origins, 
both natural and synthetic. Translational initiation regions may be provided from the 

25 source of the transcriptional initiation region, or from the structural gene. The 
sequence can also be derived from the regulatory element selected to express the gene, 
and can be specifically modified so as to increase translation of the mRNA. 

To aid in identification of transformed plant cells, the constructs of this 
30 invention may be further manipulated to include plant selectable markers. Useful 
selectable markers include enzymes which provide for resistance to an antibiotic such 
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as gentamycin, hygromycin, kanamycin, and the like. Similarly, enzymes providing 
for production of a compound identifiable by colour change such as GUS 
(P-glucuronidase), or luminescence, such as luciferase are useful. 

5 The data presented herein indicate that nucleotides 1-214 and 215-481 of SEQ 

ID NO: 1 are responsible for imparting tissue specificity within this regulatory region, 
since once the nucleotides 1-481 are removed from the full length regulatory region, 
tissue specificity is lost (Table 4). It is contemplated that either of these regions may 
be combined with any suitable regulatory region of interest, for example, which is not 

10 to be considered limiting, a minimal, constitutive, or viral promoter etc. in order to 
obtain aleurone-specific expression of a gene linked thereto. Both of these regions 
were found to comprise very low sequence similarity with other sequences present 
within gene sequence databases such as GenBank. 

15 Furthermore, the data presented in Table 3 indicates that the region comprising 

nucleotides 1-481 of SEQ ID NO: 1 is responsible for regulating the strength of 
regulatory region activity, and includes both silencer- and enhancer-type activities. For 
example, the fragment comprising nucleotides 215-481 of SEQ ID NO:l may be used 
as an enhancer like element as constructs comprising this region (e.g. p473LtpWl) 

20 resulted in increased expression when compared with either the full length regulatory 
region (p687LtpWl) or the truncated regulatory region p206LtpWl (see Table 3). 
Similarly, nucleotides 482-687 (of SEQ ID NO: 1) also exhibit enhancer-type activity, 
since constructs comprising this region (p206LtpWl) exhibited higher levels of 
expression than the full length regulatory region. Therefore, it is contemplated that 

25 nucleotides 214-481 . or 482-687 of SEQ ID NO: 1 may be combined with any suitable 
regulatory region of interest, for example, which is not to be considered limiting, a 
minimal, constitutive, or viral promoter etc. , in order to obtain both aleurone-specific 
expression of a gene linked thereto, as well as increased gene expression. 

30 The present invention also pertains to the p687LtpWl regulatory region 

comprising additional enhancer or silencer elements, or further comprising 
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modifications to the sequence of these regulatory regions, for example mutations, 
additions or substitutions as described in , but not limited to those of Figure 13(A), or 
(B). 



5 Similarly, the fragment comprising nucleotides 1-214 comprises silencer-type 

elements as constructs comprising this region (e.g. p687LtpWl) result in lower levels 
of expression compared with the levels of expression obtained with either of the 
truncated regulatory region constructs, p206LtpWl, or p473LtpWl (see Table 3). It 
is contemplated that nucleotides 1-214 may be combined with any suitable regulatory 

10 region of interest, for example, which is not to be considered limiting, a minimal, 
constitutive, or viral promoter etc., in order to obtain both aleurone-specific expression 
of a gene linked thereto, along with reduced gene expression. 

The truncated regulatory region, p473LtpWl, was used to transform maize, 
15 where it was noted that this regulatory region was active only in aleurone of developing 
and germinating cereal grain. 

In transient assays, activity of the 206 bp Hinll/BcII truncated regulatory 
element (SEQ ID N03; Figure 3) in non-aleurone tissues was relatively low (7-11 %) 

20 compared to other constitutive promoters (see Table 4, Example 3). However, the level 
of stable expression in transformed plants (FiglO) was high, equalling the activity 
observed for the expression of a gene of interest under the control of a strong monocot 
regulatory element, the rice actin promoter (McElroy D., Zhang, W., Cao, J., and 
Wu, R. 1990. Plant Cell 2:163-171). Chimeric TAP regulatory regions were also 

25 found to be active in directing the expression of a gene of interest in monocot and dicot 
tissues (see Figures 14 (A) and (C)) . Therefore, it is contemplated that the p206 
(TAP) region may also be combined with any suitable regulatory region of interest, for 
example, which is not to be considered limiting, a minimal, constitutive, or viral 
promoter etc. in order to obtain aleurone-specific expression of a gene linked thereto. 

30 
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Deletion analysis of the TAP regulatory region (constructs outlined in Figure 
12(A)) indicate that from -206 to about -110 (nucleotides 1- 98 of SEQ ID NO:3) of 
the TAP regulatory region did not have any appreciable effect of the activity of the 
p206Ltp regulatory region in monocots, for example com. However, the region 
5 between -100 and -110 (nucleotides 90 to 108 of SEQ ID NO:3) was observed to be 
required for high expression levels. 

The -150 TAP (regulatory region defined in SEQ ID NO: 5), -100 TAP 
(regulatory region defined in SEQ ID NO: 10) and -50 TAP (regulatory region defined 

10 in SEQ ID NO: 11) regulatory region in monocots is shown in Figure 14(A), and in 
dicots is shown in Figure 14(C). In monocots, high levels of regulatory region activity 
are observed with the -150 TAP construct (Figure 14(B)), while the removal of the - 
150 region removed any activity, as indicated with the activity associated with the -100 
TAP construct compared with the -150 TAP construct (Figure 14(A)), or the -120 to 

15 -80 region (regulatory region defined in SEQ ID NO: 12; Figure 14(B)). These results 
suggest that one or more core regulatory elements reside within this region (i.e. the - 
150 to -100- region; nucleotides 58 to 108 of SEQ ID NO:3). 

Nucleotides 89-96 of SEQ ID NO: 3 are AT rich. To determine if this region 
20 is involved with the activity of the TAP regulatory element, a construct was prepared 
comprising substitutions in this region (-130 to -120/ -1 13 to -1 16 mutation construct, 
having a regulatory region defined in SEQ ID NO: 13). This construct resulted in a 
decrease in activity in monocots (Figure 14(B)). 

25 Analysis of the deletion constructs in dicots indicates that significant activity is 

associated with the -150 TAP, -100 TAP and the -50 TAP constructs (regulatory 
regions defined in SEQ ID NO's: 5, 10 and 11, respectively). Since there is no loss 
of activity with the removal of the -150 to -100, or -50 region, as was observed in 
monocots, this demonstrates that the sequence from -50 to -1 (nucleotides 158 to 206 

30 of SEQ ID NO:3), exhibits regulatory region activity in dicots. 
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Several alterations and substitutions of the TAP regulatory region were also 
examined for regulatory region activity. Example of constructs TAPl to TAP 5, which 
are not to be considered limiting in any manner, are shown in Figure 13 (A) 
(regulatory regions defined in SEQ ID NO's: 22-26). The TAP 1 to TAP 4 constructs 

5 all exhibit a large increase in activity in monocots when compared with the activity 
associated with the p206Ltp (TAP) construct. These data demonstrate that the 
regulatory region activity may be enhanced through the mutation, alteration, or 
substitution of nucleotides within the TAP sequence. It is also to be understood that 
the modifications described above to the TAP regulatory region, as well as chimeric 

10 regulatory region constructs , may also be included within the full length Ltp regulatory 
region, including the p687LtpWl or p473LtpWl regulatory regions, or fragments 
thereof. 



Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) were 
15 also examined in dicots as shown in Figure 14(C). The TAP 1 to TAP 5 constructs all 
exhibit a similar level, or an increase in the level of regulatory region activity when 
compared with the activity associated with the p206Ltp (TAP) construct. Chimeric 
regulatory elements comprising (Bst)2 TAP, GCC (4) TAP or G(5) TAP exhibit an 
increase in regulatory region activity (Figure 14(C)). 

20 

Collectively these results demonstrate that substitutions or additions to the Ltp 
regulatory region, preferably the p206Ltp region, are functional in both monocot and 
dicot plants, and result in increased activity in both monocot and dicot plants. 

25 The gene constructs of the present invention can also include other optional 

regulatory motifs such as enhancers, either translation or transcription enhancers, as 
may be required. These enhancer regions are well known to persons skilled in the art, 
and can include, for example, the enhancer region of the 35S regulatory region, as well 
as other enhancers obtained from other regulatory regions, and/or the ATG initiation 

30 codon and adjacent sequences. The initiation codon must be in phase with the reading 
frame of the coding sequence to ensure translation of the entire sequence. The 
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translation control signals and initiation codons can be from a variety of origins, both 
natural and synthetic. Translaiional initiation regions may be provided from the source 
of the transcriptional initiation region, or from the strucuiral gene. The sequence can 
also be derived from the promoter selected to express the gene, and can be specifically 
5 modified so as to increase translation of the mRNA. 



Also considered pan of this invention are transgenic plants containing the 
chimeric gene construct of the present invention. Methods of regenerating whole 
plants from plant cells are known in the art, and the method of obtaining transformed 

10 and regenerated plants is not critical to this invention. In general, transformed plant 
cells are cultured in an appropriate medium, which may contain selective agents such 
as antibiotics, where selectable markers are used to facilitate identification of 
transformed plant cells. Once callus forms, embryo or shoot formation can be 
encouraged by employing the appropriate plant hormones in accordance with known 

15 methods and the shoots transferred to rooting medium for regeneration of plants. The 
plants may then be used to establish repetitive generations, either from seeds or using 
vegetative propagation techniques. 

The constructs of the present invention can be introduced into plant cells using 
20 Ti plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro- 
injection, electroporation, etc. For reviews of such techniques see for example 
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, 
New York VIII, pp. 421-463 (1988); Geierson and Corey, Plant Molecular Biology, 
2d Ed. (1988); and Miki and Iyer, Fundamental s of Gene Transfer in Plants, In Plant 
25 Metabolism, 2d Ed. DT. Dennis, DH Turpin, DD Lefebrve, DB Layzell (eds), 
Addison Wesly, Langmans Ltd. London, pp. 561-579 (1997). The present invention 
further includes a suitable vector comprising the chimeric gene construct. 

The above description is not intended to limit the claimed invention in any 
30 manner, furthermore, the discussed combination of features might not be absolutely 
necessary for the inventive solution. 
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The present invention will be further illustrated in the following examples. 
However it is to be understood that these examples are for illustrative purposes onJy, 
and should not be used to limit the scope of the present invention in any manner. 

5 Example 1: Localization of Ltpl Expression 

In order to isolate genes which are functional in aleurone of developing and 
germinating wheat grain, a barley cDNA probe of an aleurone specific lipid transfer 
protein gene (Ltpl,) was used to indicate activity of similar genes in wheat aleurones 
10 during seed development. Northern blot analyses using a DIG -labelled barley cDNA 
probe showed that Ltp transcripts were present in aleurone tissue 20 dpa (Figures 1 (a) 
and 1(c)). No activity was detected in early wheat grain development, 10 dpa (Figure 
1(b) but could be detected in Tturgidum (Fig. 1(d)). 

15 In situ hybridization (based on a modification of the procedure outlined in Cox 

and Goldberg, 1998, Analysis of Plant Gene Expression, In Plant Molecular Biology. 
A Practical Approach, pp. 1-34) performed on cross sections of developing and 
germinating grain showed that Ltp expression was limited to aleurone cells. A ^^S Ltp 
antisense ribo-probe hybridized strongly to aleurone cells (Figure.2 (a)), whereas no 

20 differential hybridization was observed with the sense RNA probe (Figure 2 (b)). Ltp 
expression was observed throughout grain development after 18 dpa and during 
germination up to 73 h post-imbibition at which time the endosperm was depleted. No 
hybridization was observed in developing endosperm, embryo or pericarp tissues (data 
not shown). 

25 

Example 2: Genomic DNA of LtpWl 

Genomic DNA was isolated from young leaf tissue of hexaploid wheat, 
(T,aestivum) and digested with Xbal. When this DNA was analysed by Southern blot 
30 using standard procedures and a DIG-labelled barley Ltp cDNA probe, three loci for 
the Ltpl gene (at 1 .5, 6.0, and 7.0 kb) were detected. The copy corresponding to the 
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1.5 kb Xbal band was cloned by screening a X long C phage library of size-restricted 
Xbal fragments with a barley Ltpl cDNA probe. 



LtpWl refers to the Up gene contained within the 1.5 kb Xbal digested T. 
5 aesiivum genomic clone, the sequence of which is shown in SEQ ID NO: 4 (also see 
Figure 3). 

The coding sequence of LtpWl shares 85% DNA identity with the barley Ltpl 
(Figure 4 (a)), includes a 26 amino acid transit peptide for cell wall localization of the 

10 protein, and has one predicted 88bp intron which is 44 bp shorter than the equivalent 
barley intron. The nucleotide sequences LtpWl and barley Ltp 1 promoter (Linnestad 
1991) are well conserved for approximately 140 bp upstream of the ATG start codon 
whereupon they diverge considerably (Figure 4 (a)). The conserved promoter region 
includes the putative cap and TATA sites but not the proposed CAT site or other 

15 regulatory elements (see Figures 3, and 4 (a)). 

The nucleotide sequence of the LtpWl regulatory region exhibits little or no 
identity with the barley Ltp2 promoter (Figure 4 (b)). The LtpWl regulatory region 
was shown to be active in aleurone of developing and germinating cereal grain which 
20 is uniquely different from the barley Ltp2 promoter which is only active during grain 
development but not during germination (Kalla et ai 1994). 

Example 3: Expression of GUS under the control of LtpWl aleurone regulatory 
regions. 

25 

p687LtpWl-GUS 

A 687 bp Xbal/BcII regulatory region fragment (SEQ ID NO: 1; Figure3) was 
subcloned from pLtpWl and fused to a GUS promoterless reporter cassette (pLC- 
30 GUS). pLC-GUS was obtained by removing the 35S promoter as a Sacl fragment 
from pZOlOie (designated p35S-GUS herein), which was a gift from R. Sinibaldi, 
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Sandoz, Ca. A 687 bp Xbal/BcII fragment was isolated from pTALPl (containing the 
1 .5 kb Xbal-digested T. aestivum genomic clone) and the sticky ends were filled-in 
with Klenow fragment of DNA polymerase. This fragment was blunt-end ligated into 
the Smal site of pLCGUS (see Figure 5(d)), and the orientation of the insert was 
5 checked by digesting with BamHl. The activity of this regulatory region was 
compared with that of the promoterless construct (pLC-GUS) as well as to constructs 
comprising constitutive CaMV35S and rice action promoters (see Figures 6 (a) and (b), 
respectively). These constructs were used for comparison of promoter activities. The 
35S promoter is described in: Odel, J.T., Nagy, F. and Chua N-H (1985) Nature 
10 313:810-812. The rice actin promoter is described in: McElroy D., Zhang, W. Cao, 
J. and Wu, R. (1990) Plant Cell 2:163-171. 

These constructs were introduced into the aleurone of cereal grains by 
microparticle bombardment using standard methods. LUC and GUS constructs ware 
15 co-bombarded in equimolar amounts and GUS is expressed relative to LUC to 
minimize variability between reps (shots). LUC activity serves as an internal control 
for the shot to shot variability. 

Tissues, 48 h post-bombardment, were incubated in reaction buffer containing 
20 50mM NaH2P04 (pH 7.0), 10 mM EDTA and 1 mM 5-bromo-4-chloro-3-indolyl-B- 
glucoronide (X-Gluc), 0.5mMK3[Fe(CN)J, 0.5 niMK4[Fe(CNJ at 37^C for 4-20 h. 
A blue precipitate in the bombarded cells indicates activity of B-glucoronidase. The 
regulatory region gave high expression of GUS in histological transient assays with 
wheat aleurones (Figure 7(a)). Activity was also demonstrated in maize and barley 
25 aleurones (Figure 7(b) and (c)) The 687 bp regulatory region fragment showed no 
activity in leaf, root or coleoptile tissues of wheat (data not shown). 

In quantitative expression assays in wheat aleurone the 687 bp regulatory region 
had 3.4% of the activity of the constitutive 35S promoter (Table 1). This 
30 underestimates the relative aleurone-directed activity of the LtpWl regulatory region 
because of additional endosperm-derived activity of the constitutive 35S promoter. 
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Table 1: Activity of p687LtpWl in 12 dpa wheat aleurone 



Construct 


Luciferase 
(mv/sec/mg 
protein) 


GUS 

(pmol MU/min/mg 
protein) 


GUS/LUC 


%35S 
Activity 


Au 


2001 


0 


0 




pLC-GUS-/p35S-LUC 


2100 


0 


0 




p35S-GUS/p35S-LUC 


3400 


30072 


8.84 




p687LtpWl-GUS/p35S-LUC 


4200 


1247 


0.3 


3.4 



10 1 : mean of three sets of bombardments 
2: promoter less construct 



P473LtpWl-GUS 

15 

A truncated version of the LtpWl regulatory region (see SEQ ID NO:2; 
nucleotides -473 to -1 of Figure 3; or nucleotides 214-687 of SEQ ID NO:l) was 
prepared by digesting pTALTPl with Hindi and Bell, and the resulting 0.47kb 
fragment (after treatment with Klenow) was ligated into the Smal site of pLC-GUS. 
20 Orientation of the insert was checked by digesting the resulting recombinant plasmid 
with BamHl. The construct (p473LtpWl-GUS) thus obtained showed 8.8% and 
12.2% activity of the constitutive 35S and rice action promoters, respectively (pAct- 
GUS was a gift from Ray Wu at Cornell). See Table 2 for results. 
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Table 2: Activity of p473LtpWl in 12 dpa wheat aleurone 



10 



Constnici 


Luciferase 
(inv/sec/mg 

protein) 


GUS 

(pmol MU/min/mg 

protein) 


GUS/LUC 


%35S 
Action Activity 


Au 


2001 


0 


0 




pLC-GUS-/p35S-LUC 


1300 


0 


0 




p35S-GUS/p35S-LUC 


3500 


8077 


2.31 




pAct-GUS/p35S-LUC 


3300 


5524 


1.67 




p473LtpWl-GUS/p35S- 
LUC 


3200 


651 


0.2 


8.8 12.2 



1 : mean of three sets of bombardments 
2: promoterless construct 

15 

When compared within a single experiment, the 473 bp fragment was 170% as active 
as the 687 bp fragment (Table 3). 
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Table 3: Activity of p687LtpWl, p473LtpWl, and p206LtpWl in 7 dpa wheat 

aleurone 



Construct 


Luciferasc 


GUS 


GUS/LUC 


%35S 




(mv/sec/ 


(pmol MU/min/mg 




Activity 




mg/protein) 


protein) 






pLC-GUSVp35S-LUC 


97001 


120 


0.01 


0.1 


p35S-GUS/p35S-LUC 


2300 


18305 


7.96 




p206LipW I =GUS/p35S-LUC 


7900 


1781 


0.23 


2.9 


p473LtpW 1 -GUS/p35S-LUC 


6800 • 


2399 


0.35 


4.4 


p687LtpW 1 -GUS/p35S-LUC 


5100 


1090 


0.21 


2.6 



10 

1: mean of three sets of bombardments 
2: promoterless construct 

P206LtpWl-GUS 

15 

To generate p206LtpWl-GUS, pTALTPl was digested with Bell, then with 
Hindlll, and the 0.2 kb fragment was isolated from a gel and purified. The sticky ends 
were filled in with Klenow and the resulting fragment was ligated into the Smal site 
of pLC-GUS. Neither the 687 bp or 473 bp regulatory regions was active in leaf tissue 
20 but the 206 bp HinH/BclI truncated regulatory region (SEQ ID NO:3 ; nucleotides -206 
to -1 of Figure 3; nucleotides 481-687 of SEQ IDN0:1) had 7.5% the activity of the 
35S promoter in leaf (Table 4). 
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Table 4: Activity of p687LtpWl, p473LtpWl, and p206LtpWl in wheat leaf 

tissue 



Construct 


Luciferase 


GUS 


GUS/LUC 


%35S 




(v/sec/mg/ 


(pmol MU/min/mg 




Activity 




protein) 


protein) 






pLC-GUSVp35S-LUC 


2001 


1.6 


0.007 


0.7 


p35S-GUS/p35S-LUC 


200 


204.3 


1.02 




p206LipW 1 -GUS/p35S-LUC 


200 


15.3 


0,077 


7.5 


p473LipWl-GUS/p35S-LUC 


700 


1.3 


0.002 


0.2 


p687LipWl-GUS/p35S-LUC 


700 


1.7 


0.002 


0.2 



1 : mean of three sets of bombardments 
2: promotcrless construct 

15 

Similarly, in wheat scutellum tissue, only the 206 bp regulatory region fragment 
was active (Table 5) with activities of 11. 4% of 35S and 8.5% of rice actin promoters. 
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Table 5: Activity of p687LtpWl, p473LtpWl, and p206LtpWl in 20 dpa 

wheat scutellum tissue 



Construct 


Luciferase 


GUS 


GUS/LUC 


%35S 




(v/sec/mg/ 


(pmol MU/min/mg 




Action Activity 




protein) 


protein) 






pLC-GUSVp35S-LUC 


13001 


37 


0.028 


0.23,0.17 


p35S-GUS/p35S-LUC 


400 


4873 


12.182 




pAct-GUS/p35S-LUC 


400 


6530 


16.325 




p206LipW 1 -GUS/p35S-LUC 


100 


139 


1.39 


11.41, 8.51 


p473LlpW 1 -GUS/p35S-LUC 


200 


2 


0.01 


0.08, 0.06 


p687LipWl-GUS/p35S-LUC 


200 


6 


0.03 


0.24, 0.18 



I : mean of three sets of bombardments 
2: promoterless construct 

15 

Thus the nucleotide sequence between 206 bp and 473 bp determines the tissue and 
stage dependent regulation of the LtpWl regulatory region. 

20 Collectively, these data indicate that: 

i) nucleotides 1-214 and 215-481 of SEQ ID NO:l are responsible for imparting 
tissue specificity within this regulatory region. Renioval of either of these regions 
from the ftill length regulatory region results in greatly reduced tissue specificity (Table 

25 4). 

ii) the region comprising nucleotides 1-481 of SEQ ID NO: 1 is responsible for 
regulating the strength of regulatory region activity, and includes both silencer- and 
enhancer-type activities: 



.0127298A1J > 



wo 01/27296 




iii) the fragment comprising nucleotides 214-481 of SEQ ID NO:l exhibits 
enhancer-like activity as constructs comprising this region (e.g. p473LtpWl) resulted 
in increased expression when compared with either the full length regulatory region 
(p687LtpWl), or the truncated regulatory region p206LtpWl (see Table 3). Similarly, 
5 nucleotides 482-687 also exhibit enhancer-type activity, since constructs comprising 
this region (p206LtpWl) exhibited higher levels of expression than the full length 
regulatory region; 

iv) the fragment comprising nucleotides 1-214 comprises silencer-type elements as 
10 constructs comprising this region (e.g. p687LtpWl) result in lower levels of expression 
compared with the levels of expression obtained with either of the truncated regulatory 
region constructs, p206LtpWl, or p473LtpWl (see Table 3); 



v) the 206 bp version of the LtpWl regulatory region represents a novel, 
15 constitutive promoter, for monocotyledonous plants 

Because of the relatively superior activity of the 473 bp fragment in aleurone 
tissue (Tables 1, 2 and 3), this version was used for transformation of maize. 

20 Example 4: Preparation of transgenic plants of Zea mays 

To verify that the 5' flanking sequence from the genomic clone LtpWl 
contained the regulatory sequences required to confer expression in aleurone cells, the 
473 bp LtpWl /GUS fusion was co-bombarded with a bialaphos selectable plasmid 
25 (pAHC25) into embryogenic cultures of maize. Transgenic calli were selected on 
bialaphos media and transgenic plants regenerated. The transgenic plants were screened 
for GUS activity. The 473 bp LtpWl regulatory region directed the expression of GUS 
only in the aleurone layer of developing and germinating transgenic maize kernels 
(Figure 6). 

30 
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Example 5: Stable expression of a gene of interest in monocots under the control 
of p206LptWl (TAP). 

Several lines of corn were transformed via particle bombardment as described 
above with a p206Ltp-OXO construct (Fig. 10) which generates oxalate oxidase 
reporter activity (Byron Lane et al., J.Biol. Chem.1991, 266:10461-10469). This 
construct also contains an intron, for example the IVS6 intron,or the first intron from 
the actin gene. Plants were also transformed with oxalate oxidase under the control 
of the strong monocot rice actin promoter (McElroy D., Zhang, W., Cao, J., and Wu, 
R. 1990. Plant Cell 2:163-171). Plant tissues were harvested and assayed for oxalate 
oxidase activity. Plants comprising the oxalate oxidase transgene under the control of 
p206LtpW 1 exhibited substantially higher activity than the non-ffansformed CK44 line. 
Line 13-1-5 expressed at 95% of the level obserevd in a line homozygous for the 
oxalate oxidase transgene. under the control of the rice actin promoter (Fig. 10). 

Example 6: Activity of p206Lpt (TAP) in dicotyledons 

The activity of the 206 bp Hinll/BcII truncated regulatory element (TAP; SEQ 
ID N03; Figure 3) was also examined within dicotyledonous plants to determine 
whether this regulatory element is active within these plants. Constructs comprising 
GUS in operative association with TAP (p206LptWl) were prepared as outlined in 
Example 3, however, an intron (either the IVS6 or actin intron) was included. These 
constructs were introduced into several dicotyledonous plants using particle 
bombardment as outlined in Example 3. A chimeric construct comprising TAP 
(p206LptWl), linked with the BstYl firagment of T1275, an enhancer element obtained 
from tobacco (see US 5,824,872, which is incorporated herein by reference), and in 
operative association with GUS, was also examined. The activities of the constructs 
comprising the p206Lpt (TAP) regulatory region was compared with the activity of the 
strong monocot rice actin promoter (McElroy D., Zhang, W., Cao, J., and Wu, R. 
1990. Plant Cell 2:163-171). The results are present in Table 6. 
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Table 6. Activity of p-206LtpWl-GUS in leaf tissue of dicotyledonous plants and 
regulation by an enhancer element, BstYl' 







Gus Positive Foci per Shot 


Plasmid 


Soya 


Brassica 


Nicotiana 


Au* 


1 


0 


0 


pAci-GUS 


0 


0 


6 


p206LtpWl-GUS 


3 


123 


48 


pBstY 1 -206LtpW 1 -GUS** 


133 


91 


155 



10 'Mean of three bombardments, assayed 48 hours post-bombardment. .^r^^ 
* Au is a gold control, no added DNA. 

** BstYl is the -394 to -62 fragment of T1275 regulatory region (US 5,824,872). 



The rice actin monocot expression vector (pAct-GUS) had no activity in Soya 
15 and Brassica and low activity in Nicotiana leaves. However, the 206LtpWl 
regulatory region was active in Soya, Brassica and Nicotiana and exhibited 
substantially greater activity than the actin promoter in Brassica and Nicotiana. 

These results indicate that the truncated LtpWl regulatory region, 206LtpWl 
20 (TAP; SEQ ID NO 3) is subject to regulation by chimeric enhancer fragments such as 
the BstYl element of T1275 (US 5,824,872 ). The 206LtpWl regulatory region with 
the BstYl enhancer element had uniformly high activity in the dicotyledonous plants 
investigated. 

25 Collectively these results indicate that the truncated regulatory region, p206Ltp, 

is active in a range of monocot and dicot plants, and its regulatory activity may be 
modulated in the presence of other exogenous regulatory elements. 

Example 7: Deletion and mutational analysis of p206Lpt (TAP) 

30 
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Preparation of constructs 

A series of deletions, mutations, substitutions and additions within the TAP 
regulatory region were prepared to further characterized this region and its activity 
within both dicots and monocots. 

5 

1) TAP 206 deletion series: 

The DN A sequences specified below were amplified by PCR and subcloned into 
vector p206 TAP-GUS (Figure 12(A); -206TAP). The existing restriction 

10 endonucleases EcoRl and Ncol were used to excise the 206TAP-intron region from the 
promoter sequence. The p206 TAP-GUS sequence was used as template for each PCR 
reaction to generate a deletion series TAP 150, TAP 140. TAP 130, TAP 120.TAP 
110, TAP 100, and TAP 50. A GUS antisense (GUS AS) primer and matching TAP 
targeted sequence to which EcoRl and Kpnl restriction endonucleases were added was 

15 used to generate TAP deletion sequences with an exception of TAPllO in which 
EcoRl and Nsi restriction sites were used . PCR product was digested with EcoRl /Ncol 
and subcloned into the vector (p206TAP). 



20 



30 



206 deletion series primers : (Restriction endonuclease sites underlined) 



TAP 150: TTT GAA TTC GGT ACC TCC ACQ CAT CTC TCG CTC G (SEQ ID NO:27) 

TAP 140: TTT GAA TTC GGT ACC CGC ATC TCT CGC TCG AAC (SEQ ID NO:28) 

TAP 130: TTT GAA TTC GGT ACC GCT CGA ACC CCT ATT TAA (SEQ ID NO:29) 

TAP 120: TTT GAA TTC GGT ACC CTA TTT AAG CCC CTC CC (SEQ ID NO:30) 

25 TAP 1 10: TTT GAA TTC ATG CAT CCC TCC ATT CTT CCC TAC (SEQ ID NO:31) 

TAP 100: TTT GAA TTC GGT ACC TTC CCT ACA TTC TCC ACA CAA CC (SEQ ID NO:32) 

TAP 50: TTT GAA TTC GGT ACC ATC ACT ACG TAA TAC GGT GC (SEQ ID NO:33) 



GUS AS: TCA CGG GTT GGG GGT TCT AC (SEQ ID NO:34) 
-130 to -12Q/-113 to -1 16 mutation 
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This mutation was prepared as the -1 13 to -1 16 region was observed to be AT 
rich, therefore, this region was modified to determine the effect of this sequence on 
TAP activity. In order to introduce the modifications into this region, other restriction 
sites were introduced in the -120 to -120 region as described below. 

5 

The mutation was generated by PGR in two steps: 

1. The first PGR primers (I) contained GUS antisense (GUS AS) and llOTAP with 

EcoRl/Nsi ends as follows: 

10 5' TT GAA TTG ATG CAT CAC TAT ATA GCC CCT CC-3' (bold = 

EcoRl and Nsi respectively; SEQ ID NO: 35) 

2. The second primers (II) were 120TAP antisense with Pst end -I- M13 forward 

PGR. 

15 5 •TTTT CTG GAG G GG TTG GAG CGA GAG ATG CG — -3 ' (bold = Pstl; 

SEQ ID NO: 36) 

The PGR products from primers I and II were excised with Nsil/Ncol and 
PstlEcoRl respectively and ligated. The resulting EcoRllNcol construct was 
20 subsequently subcloned into p206TAP digested with Nsi/Nco. The resultant construct 
comprised the dicot TATA consensus sequence along with extra nucleotides associated 
with the introduction of the Pstl and Nsi restriction sites. 



-120 to -80 deletions 

25 

The deletion was generated by PGR in two steps. 



1. The first PGR product was generated by GUS antisense primer (GUS AS) and 
matching sequence of -80TAP with Nsi restriction endonuclease as follows: 

5 'TTT ATG CAT ACC ACG AGT TGC TCA TCT CG~3' (bold = Nsil; 

SEQ ID NO:37) 
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2. The second primers were -120TAP antisense (as described above) + M13 forward 
PGR. 

The PGR products obtained from 1 and 2, above were digested with Nsi and 
5 Pst, respectively and ligated. The resulting construct was excised with EcoRllNco and 
subcloned into p206TAP. 

2) Preparation of new TAP regulatory region constructs 

10 A series of mutations within the TAP nucleotide sequence were prepared (TAP 

1- TAP 5; see Figures 13(A) and (G)) by PGR using primers prl-5 and the pr6 as the 
primers (listed in Table 7) and the piasmid -206TAP-GUS as the template. The PGR 
product was digested with Ncol and Kpnl, and the resulting fragment was used to 
replace the Ncol and Kpnl fragment in -206TAP-GUS. 

15 

Ghimeric TAP constructs 



To generate GGG(4)TAP and G(5)TAP constructs (see Figure 13(B)), a 46-bp 
fragment: 

20 AATT GCCGCC ACTA GCCGCC GACCGAGCCGCgAAGAGCCGCCAGCT (SEQ ID NO:38) 
containing four GCG boxes (GGGGGG), or a 54-bp fragment: 

AAT TGCCGCC ACGT GCCGCCA CG TGCCGCC ACGTGCCGCCACGTGCCgCCAGCT (SEQ ID 
NO: 39), 

containing five G-boxes (GGGGGGACGT) was ligated into the EcoRl and Pstl site 
25 located upstream of the -206TAP-GUS construct. 

The (BST2)TAP constructs (Figure 13(B)) were generated by PGR using pr7 
and pr8 (Table 7) as the primers and the -394 to -62 fragment of T1275 regulatory 
region (see US 5,824,872) as the template. The PGR product was digested with£co/?I 
30 and Sad, and the resulting fragment was ligated into the EcoRl and Pstl site located 
upstream of the -206TAP-GUS construct. 
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Table 1. Oligonucleotides used in PGR to create constructs 



Primer Sequence 

5 prl cta ggatcc a atccttcgga agggaaaaag (SEQJDNOrU) 

pr2 agcngggcc cgaaggatcc agggaaaaag aaaaaggggt c (SEQ ID NO: 15) 

pr3 agcttgggcc atccttcgga ggarccccct aaaaaggggt cctgctgcac (SEQ ID NO: 16) 

pr4 agcttgggcc atccttcgga agggaaaaag cccggaiccg cctgctgcac cagcgactaa (SEQ ID NO: 1 7) 

pr5 agcttgggcc atccttcgga agggaaaaag aaaaaggggt aagtfigatcc cagcgactaa 

10 accatccacg (SEQlDNO:18) 

pr6 ataiaagctttggggtttctacaggacg (SEQ ID NO: 19) 

pr7 cggaattcgaaagcttgcatgcctgcagg (SEQ ID NO:20) 

pr8 aattgagcicaigcaiggatcaaaaggggaaac (SEQIDNO:21) 



15 



Preparation of test material and transient assay analysis 



Com type II callus was grown in vitro in N6 basal salt medium ( Sigma USA 
) supplemented with 1 .4 g/1 proline. 0.7 g/1 aspergine, 0.3g/L glutamine, 1.0 mg/1 2,4- 
20 D, B5 vitamins (Gamborg, O.L, et al. (1968), J. Exp. Res. 50, 151-158) and 2% sucrose 
w/v, (pH 5.8). The petri dishes were kept in dark at 22''C and the growth medium was 
replaced with fresh medium at interval of 3-4 weeks. The calli were transfer to firesh 
growth medium at least 5-7 days prior to gene transfer via particle gun delivery 
system. 

25 

Fresh callus tissue for bombardment was placed on Icm^ filter paper on callus 
growth medium as described above. 2.5ug of test plasmid and luciferase DNA was 
precipitated onto gold microprojectiles using 25uL microprojectile solution (1.78mg 
of luM gold in 25 ul glycerol), 25uL of 2.5M calcium chloride and lOuL of lOOmM 
30 spermidine, rinsed with edianol and re-suspended in 40uL of 100 % ethanol. lOuL of 
solution was spotted onto the center of each macrocarrier and used to shoot callus 
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tissue using 1 100 psi rupture disks in the PDS-1000 BioRad Gene Gun. The callus was 
kept in dark at 22 C for 48hours prior to GUS assay. 

To assay GUS activity the callus was harvested and frozen in liquid nitrogen. 
5 The tissue was ground in extraction buffer containing of 100 mM Potassium phosphate 
(pH 7.8). 1 mMl,2-diaminocyclohexane-N.N.N.N-tetraacetic acid, 10% glycerol, 
0.5% Triton X-100 and 7 mM 2-mercaptoethanol. The extract was homogenized for 
1 minute using a hand held homogenizor and centrifuged for 15 min at 4''C and the 
supernatant was used for GUS assays. 

10 

For fluoromeu-ic GUS assays (Jefferson, R.A. (1987) Plant Mol. Biol. Rep. 5: 
387-405), 170 fxh of the crude extract was incubated at 37°C with 1 mM 4- 
methylumbelliferyl glucuronide in 0.3 mL of GUS assay buffer (50 mM NaP04, pH 
7.0, 10 mM EDTA, 0.1% [v/v] Triton X-lOO. 10 mM p-mercaptoethanol). After 0, 
15 0.5. 1 and 2 h of incubation, 0.1-mL aliquots were removed and added to 1 .9 mL of 
0.2 M Na^COj to terminate the reaction. GUS activity was expressed as picomoles of 
4-methylumbelliferone per milligram of protein per minute. 

For histochemical GUS assay, tissue was incubated in a 0.5 mg/ml solution of 
20 5-bromo-4-chloro-indolyl p-D-glucuronide in 100 mM sodium phosphate buffer, pH 
7.0, infiltrated in a vacuum for half an hour and incubated at 37°C overnight. 
Following the incubation, tissue was washed in 70% ethanol. 

For luciferase assays, 20 /il of cell extract was placed in a luminometer cuvette, 
25 and then 200 (li of luciferase assay buffer (25 mM Tricine, pH 7.8, pH 7.8, 15 mM 
MgClj, 5 mM ATP, and 1 mg/ml BSA) was added. The mixture was allowed to 
equilibrate to room temperature (about 15 min). Placement of the cuvette in the 
counting chamber of a luminometer automatically activated the machine and 100 m1 of 
500 fiM luciferin was injected into the cuvette to start the reaction. The emitted 
30 photons were integrated over a 10-s period and expressed as relative light units/ 10 s. 
Correction for differences in sample variability and transfection efficiency was done 
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by normalization of the GUS activity with luciferase activity in the light unit, yielding 
the GUS to luciferase ratio of each sample. 



Wheat callus production was induced by placing 14 - 20 day old embryos of the 
5 variety SuMais 3, embryo side down on callus induction Murashige and Skoog (MS) 
medium(Murashige and Skoog 1962) with2.4-D, (Weeks J.T. e al. (1993). PI. Phys. 
102: 1077-1084; Weeks, J.T. (1995), Stable transformation of wheat by microprojectile 
bombardment. In: Gene transfer to plants. Eds. I Potrykus and G. Spangenberg. 
Springer, pp. 157-161). When significant callus production was observed within 5 to 
10 31 days these were crushed onto filter paper, 4 embryos per plate and transferred to 

fresh media in preparation for bombardment (Harvey, A., L. et al. (1990), Plant Cell -.^J 
Tissue and Organ Culmre. 57:153-156). 

Tobacco leaves were harvested from in vitro cultures maintained on MS 
15 medium (Murashige, T and F. Skoog. 1962. Physiol. Plant. 15:473-497). Leaves 
selected for bomibardment were of uniform size and colour which were then 
preincubated on MS medium containing NAA and BA overnight prior to bombardment. 

Construct DNA was extracted and purified, and each sample was diluted to a 
20 concentration of 1 ixg/fil for use in the bombardment protocol. I^ior to bombardment 
tungsten particles were coated with transforming DNA by adding the following chilled 
sterile solutions in order 5 /xL DNA, 25 fiL 2.5 M CaClj and 5 /xL spermidine. Wheat 
callus and tobacco leaf tissue was bombarded with 2 /xL of the DNA/tungsten solution. 
The settings were 100 psi pressure for wheat and 150 psi pressure for tobacco with the 
25 tissue sitting at position 10 in the particle bombardment device (Brown et aL 1994, 
Buckley et al. 1995). 



Tissue was incubated in a growth chamber overnight following bombardment. 
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For histochemical analysis the tissue was covered with 3 mL GUS incubation 
buffer and left overnight in the dark at ST^C. Visual counts were made of positive 
GUS staining using a dissecting microscope. 

For fluorometric analysis tissue was collected and ground in liquid nitrogen 
and either stored at -80°C or immediately extracted folowing protocols modified from 
Gartland et al. (Gartland, M.A., et. al. (1995), Fluorometric GUS analysis for 
transformed plant material. In: Methods in Molecular Biology, Vol. 44: Agrobacterium 
Protocols. Eds:K.M.A. Gartland and M.R. Davey Humana Press Inc., Totowa NY, 
pp 195-199) and Vitha et al. (Vitha, S. K et. al. (1993), Biologia Plantarum 35(1): 151- 
155). Fluorometric readings were taken on a RF-Mini 150 Recording Fluorometer, 
and protein content was assessed using a Bradford assay read in the BioRad Model 
2550 EIA Reader. Fluorometric data was analysed using Lotus 123 and Microsoft 
Excel. 

Results from transient expression analysis of the constructs shown in Figure 
12(A) in com callus is shown in Figure 12(B). Deletions from -206 to about -110 of 
the TAP regulatory region did not have any appreciable effect of the activity of the 
p206Ltp regulatory region. However, the region between -100 and -110 (see GUS 
activity associated with the -110 TAP and -100 TAP constructs) was essential for high 
expression levels since deletion of this region resulted in a dramatic decrease in 
regulatory region activity as indicated by GUS analysis. Similar results were observed 
using a histochemical analysis of bombarded com callus, where deletion of -100 to -50 
region resulted in no regulatory region activity (data not shown). 

Transient analysis of the -150 TAP, -100 TAP and -50 TAP deletion constmcts 
in wheat culmre is shown in Figure 14(A), and in tobacco culture is shown in Figure 
14(C). Analysis of the -150 TAP construct in wheat, along with two other mutations, 
-130 to -120/ -113 to -116 mutation, and the -120 to -80 deletion construct are shown 
in Figure 14 (B). In wheat, high levels of regulatory region activity are still observed 
with the -150 TAP construct (Figure 14(B)), while there is a dramatic decreased in the 
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activity of the TAP regulatory element with the removal of the -150 region as indicated 
with the activity associated with the -100 TAP construct compared with the -150 TAP 
construct (Figure 14(A)), or the -120 to -80 region (Figure 14(B)), suggesting that key 
regulatory elements reside within this region (i.e. the -150 to -100- region). The -113 
to -116 region is AT rich region, and substituting several bases within this region (as 
in the case of the -130 to -120/ -113 to -116 mutation construct; see above), resulted 
in a decrease in activity (Figure 14(B)). These results collectively indicate that the - 
150 to -100 region is required for TAP regulatory region activity in cereals, for 
example wheat and com. 

Similar analysis of the deletion constructs in tobacco culture demonstrate that 
a significant amount of activity is associated with the -150 TAP, -100 TAP and the -50 
TAP constructs, and that there is no loss of activity with the removal of the -150 to - 
KX), or -50 region. These data suggests that the sequence from -50, which includes 
the intron (see Figure 12(A); the intron used in these constructs is the ADH 156 
intron), exhibits regulatory region activity in dicots. 

Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) in wheat 
is shown in Figure 14(A). The TAP 1 to TAP 4 constructs all exhibit a large increase 
in activity when compared with the activity associated with the p206Ltp (TAP) 
construct. Similarly, chimeric regulatory elements comprising TAP and G(5), or 
(Bst)2 also exhibit an increase in regulatory region activity (Figure 14(A)). Collectively 
these results demonstrate that substitutions or additions to the Ltp regulatory region, 
preferably the p206Ltp region, result in increased activity when determined with a 
monocot plant. 

Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) in 
tobacco is shown in Figure 14(C). The TAP 1 to TAP 5 constructs exhibit a 
significant and similar level of regulatory region activity. Chimeric regulatory 
elements comprising (Bst)2 TAP, GCC (4) TAP or G(5) TAP also exhibit significant 
regulatory region activity (Figure 14(C)). Collectively these results demonstrate that 
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substitutions or additions to the Ltp regulatory region, preferably the p206Ltp region, 
result in increased activity when determined with a monocot plant. 

All citations are herein incorporated by reference. 

The present invention has been described with regard to preferred 
embodiments. However, it will be obvious to persons skilled in the art that a number 
of variations and modifications can be made without departing from the scope of the 
invention as described herein. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A regulatory element comprising, the nucleotide sequence of SEQ ID NO:3, 
or a fragment, mutation, or derivative thereof, or a nucleotide sequence that hybridizes 
to the nucleotide sequence of SEQ ID NO:3 under the following conditions: 
hybridization in 5XSSC and 50% formamide at 42 ''C; and washing from about 
0.5XSSC to about 0.2XSSC at eS'^C, and exhibits regulatory element activity. 

2. The regulatory element of claim 1, wherein said regulatory element exhibits 
constitutive activity. 

3. The regulatory element of claim 2, wherein said regulatory element is a 
chimeric regulatory element, comprising an exogenous regulatory element selected 
from the group consisting of an enhancer element and a silencer element. 

4. The regulatory element of claim 3 , wherein said exogenous regulatory element 
is an enhancer element. 

5. The regulatory element of claim 4, wherein said enhancer element is selected 
from the group consisting of a 35S enhancer, an actin enhancer, a BstYl fragment of 
T1275, one or more GCC box elements, and one or more Gbox elements. 

6. A vector comprising the regulatory element of claim 1 in operative association 
with a gene of interest. 

7. A transformed plant cell culture comprising the vector of claim 6. 

8. A transgenic plant comprising the vector of claim 6. 

9. A transgenic seed comprising the vector of claim 6. 
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10. The transgenic plant of claim 8, wherein the plant is a monocotyledonous plant. 

11. The transgenic plant of claim 8, wherein the plant is a dicotyledonous plant. 

12. A transgenic dicotyledonous plant comprising a gene construct, said gene 
construct comprising: 

i) the nucleotide sequence of SEQ ID NO: 3, or a fragment, mutation or 
derivative thereof, or a nucleotide sequence that hybridizes to the 
nucleotide sequence of SEQ ID NO: 3 under the following conditions: 
hybridization in 5XSSC and 50% formamide at 42 °C; and washing 
from about 0.5XSSC to about 0.2XSSC at 65 °C, wherein said 
nucleotide sequence exhibits regulatory element activity; and 
ii) a gene of interest in operative association with said nucleotide sequence. 

13. A regulatory element comprising , a nucleotide sequence selected from the group 
consisting of SEQ ID NO's:5 - 11 and 22-26 , or a fragment, mutation or derivative 
thereof, or a nucleotide sequence that hybridizes to a nucleotide sequence selected from 
the group consisting of SEQ ID NO's: 5-11 and 22-26, under the following conditions: 
hybridization in 5XSSC and 50% formamide at 42 ''C; and washing from about 
0.5XSSC to about 0.2XSSC at eS^'C, and exhibits regulatory element activity. 

14. The regulatory element of claim 13, wherein said regulatory element is 
687LtpWl, or a fragment or derivative thereof. 

15. The regulatory element of claim 13, wherein said regulatory element is 
473LtpWl or a fragment or derivative thereof. 
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16. A transgenic dicotyledonous plant comprising a gene construct, said gene 
construct comprising: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutataion or derivative thereof, 
or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42°C; and washing from about 0,5XSSC to about 
0.2XSSC at 65°C, and exhibits regulatory element activity; and 

ii) a gene of interest in operative association with said nucleotide sequence. 

17. A transgenic monocotyledonous plant comprising a gene construct, said gene 
constract comprising: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutation or derivative thereof, 
or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-1 1 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42*^0; and washing from about 0.5XSSC to about 
0.2XSSC at 65*^0, and exhibits regulatory element activity; and 

ii) a gene of interest in operative association with said nucleotide sequence. 

18. A method of expressing a gene of interest within a plant comprising: 

i) operatively linking a gene of interest for which expression is 
desired with the regulatory region of claim 1 to produce a gene 
construct; and 

ii) introducing said gene construct into said plant and allowing for 
expression of said gene of interest. 

19. The method of claim 18 wherein said plant is a monocotyledonous plant. 



BNSDCXIO: <WO 012729aA1J_> 



wo 01/27296 ^ ^ PCT/CAO0/On85 

20. The method of claim 18 wherein said plant is a dicotyledonous plant. 
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•SEQIDNO:! (687 bp) > 
^88 TCTAGAGAAAGAGTTTTAGACCGGAGGTATTTGTTAGGAAGTACTTCTTGCCATACTAGT 

^28 TTCAATAAAGTAGCrrGAAAAGACATTTGTTAAGCAACCATGTGi 1 1 1 iAATATGAAGAT 

-568 CCTCAATACCGAGAGCCTTTGGTCCCATGGATGACACAAAACTTCCCACTTGTTTTTTTT 

•SEQ ID NO:2 (473 bp) > 
-508 TTTTGTGTGTGTGTGGGTAAACTTCCCACTTGGTTAACCTATACTTCCGCTTATGTTCAT 

^8 CACTTTGCCAGAAAATTGCATATGTGAAGGAAGTGCCAATATTTAATACCGTCTGGTGTT 

-388 ATAAATTCATCTCCCAAAATTATTGGAGTTGA.*tGATTCACTTGAAAAAATAArrrGACAT 

-328 ATTAAAGATGTTGCCCTTGCGCGGGGTATCTGCAAATTGAGGATCCAAGGGACGATTGCA 

-268 TCCAGTTCTAAACACACCATTATGATTTCAGTGATAATGCATGCTT^^^GCCCAGCTG 

•SEQ ID NO:3 (206 bp) > 
-208 CAAGCTTGGGCCATCCTTCGGAAGGGAAAAAGAAAAAGGGGTCCTGCTGCACCAGCGACT 

-148 AAACCATCCACGCATCTCTCGCTCGAACCCCaS^Q^C'^'^''^^^^^^^^^^^'*''^^ 
-88 TCTC CHCUCA^C CACGAGTTGCTCATCTCTCCACCCAATCATCACTAGCTAATACGGTGC 

;+i 

-28 ^ rT-rTT ^'-r-rr^^^--^^^^^-^ Ar.Tr.AxF ATr;r^rrncrTCTCAGOTAATGCTC ATGGCCgT 
33 crw::cTTrTrTTGCTCATGCTCGrr^.cGGTCCC G<:ncrr C TCK:cGTrK;<CA TCGACTGCcy3CCA 

93 CGTTGACAGCTTGGTGAGArrrTnCCTGA G rTA(:GTTCAGOGCGGCCCCrKK;CCGTCTQ<? 
153 GCAGTGGTGCGACGGCGTC A /vrrAACCTCCATAAgCAGGCGCGATCCCAGAOCGATCGCCA 
213 AAGCflCTTGCAACTGCCTCAAr^^TrTATCGC T rrrTnGCATCCACAATCTCAACGAQGACM 
273 CGCCCGCAGCATCCCCCCrAAGTOCGGT rrTCAACGTCCCATACACCATCAGTqTCMCAT 
333 CGACTGCAGCAG GTGATTAATTCACATGCAAGCATATATATATGAACACTCATCCACGTA 
393 AAATTTArrGATATTAACATTAATCAAATCTTTGCACTGCAGr7rTTrrTAATGG<3CGACGAT 
453 CCGTCAAGCTGGTGCTCAGCTCATCCATCCACGTGGAGTTGAAGCGCGCAGCCTCTATCC 
5 13 CTATGTAGTATGGTCACTAGTTATGCGAGTTTATACTGAATATGAATAAGAACTCTCTCC 
573 AGCTGGCTTGCTGOTACTCCTCTGGAGGAGATCAGTATCTGTGTACCTGAGAGTTGAGAG 
633 TTTGTACCATGQGCACTCCCAGTGTTTATGGACrrTAATACATACAACTCGTTCTGTTCA 
693 GCGTGTGACTTATCTTTGTTTCCTCACGTTCGCCTGTCATATACTCCTTCCATCCGGTAT 
753 TAGTTGGCGTTCAAACGGATATATCTAGA 

FIGURE 3 
SUBSTITUTE SHEET (RULE 25) 
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- 57 9 GTTTT AGACC GGAGGT ATTTGTTAGGi^_\GTACTTCTTGCCATACTAGTTTCAATAAAGT A 

I I I i I I i I I I I I I 1 > ' ' " 

-700 GTTTGATAACAAAGTAGTAAAAAAACTAAAGTATTAAAAACTGCAGTAAITT-rACGTGTA 

-SIS GCTTa^JLA.\GACA7TTGTTAAGCAACCATGTGTTTTTAATATGAAGATCCTCAATACCGA 

i I I I I I I I I i I M III MM I > < > > " 

- 63 0 GATAGAAAATACCATGGTTTTAATATAATAATATTTTTTGCAGTATTCACAATGTAGAGA 

-539 GAGCCTTTGGTCCCATGGATGACACAAAACT 

-570 AACTGTTTGATTACGCCACATATTACTGCAGTTTAGATCGAGCAAGTACACGGGAAGAAG 

-523 xCCC^CTTGTTTTTTTTTTTTGTGTGTGTGTGGGTAAACTTCCCACTTGGT 

MM I I II MM I II III ' ' ' 

- 5 1 0 ATAACGACGTCCCACCCCTTCTTTTCGCCTTCTCTGTTTTTT AAAAAGAGGTC l GGGGTT 

- 4 7 7 T AACCT \T ACTTCCGCTT ATGTTCATCACTTTGCCAGAAAATTGC ATAXGTGAAGGAAGT 

I I I I 1 M I I II I ' ' ' 

- 4 5 0 AGTTTTTTCAATACTGCAGTTTTAAAATCACAATTCTTAGAGGCAACCAAACACCTCATT 

- 4 17 GCCAATATTTAATACCGTCTGGTGTTATAAATTCATCTCCCAAAATTATTGGAGTTGAAG ■ 

I I II I I I I ! I I I M I 
-390 GTAAATAAAACTATGATAATCTCCAAAACTGCAGTATTCTAAAAATACTAC 

-337 ATTCACTTGAAAAAATAATTTGACATATTAAAGATGTTGCCCTTGCGCGGGGTATCTGCA 

il I I II I M I i I ill I ' ' ' 

-339 AAAAATTCTTTGTTATCAAACAGGGCCTAAGGAGTT AAAAAAATTTAGCC 

- 2 9 7 AATTGAGGATCCAAGGGACGAITGCATC CAGTTCTAAACACACCATTATGAXTTC 

I I I II I I II I I I M M MM 

- 2 8 9 GTAACTGAGACTCGGCGAGGCACCAGCAGCTAGCAGTCATCAACACT TGATGGT 

*SEQ ID NO: 3 > 

- 2 4 2 AGTGATAATGCATGCTTCCAAAGCCCAGCTGCAAGCTTGGGCCATCCTTCGGAAGGGAAA 

III III I I I M I II I 

-235 TGGCAAAGGCGAGTCGACGTGTCGCGGGGCTCGGCCTGAGCGGGAGATACAATCTGTTCT -.J 

-182 AAGAAAAAGGGGTCCTGCTGCACCAGCGACTAAACCATCCACGCATCTCTCGCTCGAACC 

II III II II IIIIIIM llllll IMMIMMIMIIMI 
-173 CCAGTAACCCCGTCGATTTGGCCCGCCGACTAAAGCATCCAGGCATCTCTCGCTCGAACC 

- 1 2 2 CCTATTTAAGCCCCTCCATTCTTCCCTACATTCTCCACACAACCACGAGTTGCTCATCTC 

Mllllllllllimillll MM III''"'''"''! '''''i'll'' 

- 1 1 5 CCTATTTAAGCCCCTCCAITCCTCCCAACATTCTCCACACCTCCACGAGTTGC • • 

-62 TCCACCCAATCATCACTAGCTAATACGGTGCACTGTTAGCTACAGACCAAGAAGTGATCA 

I "I MM II Ml MM I I 1 I ' ' ^' UUJ-UUiicUiUcUicl 
-53 TCATCACTAGCTAGT ACGTTGTACTGTTAGCT ACAGATTAAGAA^TGATCA 

2 TGGCCCGCGCTCAGGTAATGCTCATGGCCGTCGCCTTGGTGCTCATGCTCGCGGCGGTC^ 

M I I I 1 I II I 1 i I M I I I I I M II II M I Mill ' ' i ' ji ' ii ' I ' ' ' ' ' ' i 
2 TGGCCCGCGCTCAGGTACTGCTCATGGCCGCCGCCTTGGTGCTGATG^-TCACG«^-GGCCC 

FIGURE 4a 
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6 2 CGCGCGCTGCCGTGGCC \XCGACTGCGGCCACGTTGACAGCTTGGTGAGACCCTGCCTGA 

I I I I I I I I I I I I I I I I I II I I I I II M I I II I I I I I I I I Mi Mi M II I II 
6 2 CGCGCGCTGCCGTGGCCCTCAACTGCGGCCAGGTTGACAGCAAGAXGAAACCTTGCCTGA 

122 GCTACGTTCAGGGCGGCCCCGGCCCGTCTGGGCAGTGCTGCGACGGCGTCAAGAACCTCC 

II M 11 II M M II M 11 II I I I M I I II I I I i I I I M I M I II I I I MM 
122 CCTACGTTCAGGGCGGCCCCGGCCCGTCCGGCGAATGCTGCAACGGCGTCAGGGAT.CTCC 

18 2 AT AACCAGGCGCGATCCCAGAGCGATCGCCAAAGCGCTTGCAACTGCCTCAAGGGGATCG 

I II M II M I M II M M M M I M I II M 11 i I M II II 11 M 

18 2 ATAACCAGGCGCAATCCTCGGGCGACCGCCAAACCGTTTGCAACTGCCTGAAGGGGATCG 

242 CTCGTGGCATCCACAATCTCAACGAGGACAACGCCCGCAGCATCCCCCCCAAGTGCGGTG 

I I I I I II I II II II II II II I I M I II I II I II II il II I II II II M M 
242 CTCGCGGCATCCACAATCTCAACCTCAACAACGCCGCCAGCATCCCCTCCAAGTGCAATG 

302 TCAACCTCCCATACACCATCAGTCTCAACATCGACTGCAGCAGGTGATTAATTCACATGC 

Mill M I II II II I I I I M i I i 11 II 11 II II I II 1 II II M M I 
302 TCAACGTCCCATACACCATCAGCCCCGACATCGACTGCTCCAGGTGATTAAATTTACACT 

362 AAGCATA TATATATGAAC 

I I II II I I MM 

3 63 CATCCAGAGTGAAATCTTTAAAAAGAACTATATTTACGAACGGAGTGAGTATATAGGAAC 

380 ACTCATCCACGTAAAATTTATTGATATTAACATTAATCAAATCTTTGCA . CTGCAGGGTG 

I M M M M 11 M M il i M I M M II M II II I I I M M I Ml 
423 ATTCATCCACGTAAAATTTGTTGATATTAACATTAACACGCATGATTGACCTGv,AGGATT 

440 TAATGGGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCCATCCACGTGGAGTTGAAGCG 

II II II II I I II I II I I M II II II I II II M I M M II II II I I II M I ii M II 
48 3 TACTGAGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCGATCCACGTGGAGCTGAAGCG 

500 CGCAGCCTCTATCCCTATGTAGTATGGTCACTAGTTATG . CGAGTTTATACTGAATATGA 

II I I II II II 11 I 1 I II II II I M il 11 II I I I II II II II I II II II 
543 CGCAGCCTCTGTCCCT ATGTAGT ATGGCTACCAGTTATGCCGAGTTTATGCTGA 

559 ATAAGAACTCTCTCCAGCTGGCTTGCTGGT ACTCCTCTGGAGGAGATCAGTATCTGTGTA 

I I I I I I I i I I I 11 II II M II I I M i M M M M I M M II II II 

597 ATAAGAACTCTCTCCT GTACTCCTTTGGAGGAGATCAGTATCTATGTA 

619 CCTGAGAGTTGAGAGTTTGTACCATGGGCACTCCCAGTGT7TATGGACTT 

I II II II I M il II M I II I M II I II II I M M I II M M M II II 
645 CGTGAGAGTTGAGAGTTTGTACCATCGGCACTCCCAGTGTTTATGGACTA 
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-631 AAAGAGTTTTAGACCGGAGGTATTTGTTAGGAAGTACTTCTTGCCATACTAGT . . TTCAA 

II I II II MM II I I I I II II 

- 8 2 2 AACCGTGGCCTAAAAATAAGCCGATGAGGATAAATAAAATGTGGTGGTACAGTACTTCAA 

-623 TAAAGTAGCTTGAAAAGACATTTGTTAAGCAACCATGTGTTTTTAATATGAAGATCCTCA 

I III II I I III I I I I I I Ml 
-762 GAGGTTTACTCATCAAGAGGATGCTTTTCCGATGAGCTCTAGTAGTACATCGGACCTCAC 

-563 ATACCGAGAGCCTTTGGTCCCATGGATGACACAAAACTTCCCACTTGTTTTTTTTTTTTG 

Mill I I I M I II I I MM III II 

-702 ATACCTCCATTGTGGTGAAATATTTTGTGCTCATTTAGTGATGGGTAAATTTTGTTTATG 

-503 TGTGTGT . . GTGGGTAAACTTCCCACTTGGTTAACCTATACTTCCGCTTATGTTCATCAC 

I I 1 II I i I I I Ml III II I II 1 M 

- 64 2 TCACTCTAGGTTTTGACATTTCAGTTTTGCCACTCTTAGGTTTTGACAAATAATTTCCAT 

- 4 4 5 TTTGCC AGAAAATTGCATATGTGAAGGAAGTGCCAATATTTAATACCGTCTGGTG 

III I II I M I I II II M 

- 5 a 2 TCCGCGGCAAAAGCAAAACAATTTTATTTTACTTTTACCACTCTTAGCTTTCACAATGTA 

-390 TTATAAATTCATCTCCCAAAATTATTGGAGTTGAAGATTCACTTGAAAAAATAATTTGAC 

i I MM I III Mill M II I IMIIIM I I II 

-522 TCACAAATGCCACTCTAGAAATTC -TGTTTATGCCACAGAATGTGAAAaAAAACACTCAC 

-330 ATATTA aAGATGTTGCCCTTGCGCGGGGTATCTGCAAATTGAGGATCCAAGGGA 

Mil II I I 1 i I I I II I I I II I 

-463 TTATTTGAAGCCAAGGTGTTCATGGCATGGAAATGTGACATAAAGTAACGTTCGTGTATA 

-27 6 CGATTGCATCCAGT . . . TCTAAACACACCATTATGATTTCAGTGATAATGCATGCTTCCA 

II M I I M I i I i 1 M I I I I I I 

- 4 0 3 AGAAAAAATTGTACTCCTCGTAAC AAGAGACGGAAAC ATCATGAGACAATCGCGTTTGGA 

*SEQ ID NO: 3 > 

-219 AAGCCCAGCTGCAAGCTTGGGCCATCCTTCGGAAGGGAAAAAGAAAAAGGGGTCCTGCTG 

I M MM MM Ml iil II M M • i > 

-343 AGGCTTTGCATCACCTTTGGATGATGCGCATGAATGG AGTCGTCTGCTTG 

-159 CACCAGCGACTAAACCATCCACGCATCTCTCGCTCGAACCCCTAXTTAAGCCCCTCCATT 

I I II II I i I I Ill I I M 

-293 CTAGCCTTCGCCTACCGCCCACTGAGTCCGGGCGGCAACTACCATCGGCGAACGACCCAG 

-99 CTTCCCTACATTCTCCACACAACCACGAGTTGCTCATCTCTCCACCCAATCATCACTAG . 

1 I 1 1 I I MM I I I I I I I I I I M 

- 2 3 3 CTGACCTCTACCGACCGGACTTGAATGCGCTACCTTCGTCAGCGACGATGGCCGCGTACG 



- 17 3 CTGGCGACGTGCCCCCGCATGCATGGCGGCACATGGCGAGCTCAGACCGTGCGTGGCTGG 

«40 CTAAT ACGGTGCACT GTT AGCTA 

Mill Mil I i 

- 1 1 3 CTACAAATACGTACCCCGTGAGTGCCCT AGCT AGAAACTTACACCTGCAACTGCGAGAGC 
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-17 CAGACCAAGAAGTGATCATG 

II i I i II 

- 5 3 GAGCGTGTGA . GTGTAGCCGAGTAGATCACCGTACGACGACGACGAGGGGCATG 
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a) 



p687LtpW1-GUS 



687 Op Up 
S' region 



wios J' 



GUS coding region 
(1800 op) 



b) 



p473LtpW1-GUS 




473 bp Up 
S' region 



GUS coding region 
(1800 bp) 



c) p206LtpW1-GUS 



GUS coding regtan *— 3* 



2(?6apLXD (1800 bp) 

S* nsgton 



In all three constructs, the ADH1S6 intron lies between 
The LtpWl promoter and the GUS coding region. 
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^) p35S-GUS 

Sact— A 



S/naT- 
£coR1. SacU 



3SS 5* cod/ing nsg'on 



The ADHlS intron lies beiweefihe promoter and the GUS gene 



b) pACT-GUS 

^CZ^/^^'^^-^'^^ paiuescript 
GUS coding region Linos 




Acbn promoter^ intron. 
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206 TAP.se 
caagcttggg 
aaaccatcca 
tctccacaca 
accgttagct 



ccaccctccg 
cgcatctctc 
accacgagtt 
acagaccaag 



gaagggaaaa 
gctcgaaccc 
gctcatctct 
aagtgatc 



agaaaaaggg 
ctatctaagc 
ccacccaatc 



gtcctgctgc 
cccrccattc 
accactagcr 



accagcgact 
ctccctacat. 
aatacggtgc 



150 TAP 

aaaccatcca cgcatctctc gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

140 TAP 

cgcatctctc gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

130 TAP 

gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

120 TAP 

ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 



110 TAP 

ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

100 TAP 

ttccctacat 

tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

50 TAP 

atcactagct aatacggtgc actgttagct acagaccaag aagtgatc 
150 {-120 to -80 deletion) 

aaaccatcca cgcatctctc gctcgaaccc TGCAT accacgagtt gctcatctct 

ccacccaatc atcactagct aatacggtgc actgttagct acagaccaag aagtgatc 

150 (-130 to -120 / 113 -116 mutation) 

aaaccatcca cgcatctctc gctcgaaccc TGCATCA ctatAtaGgc ccctccattc 
ttccctacat tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct 
aatacggtgc actgttagct acagaccaag aagtgatc 

Note: underline represents a Pstl/Nsil fusion site, bold is mutations 



FIGURE 13D 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCIO: <WO ^012729eAl_L> 



wo 01/27296 



PCT/CAOO/01185 



16/18 

Fluorogenic GUS expression (pmoi/mg/hr) 
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SEQUENCE LISTING 



<1) GENERAL INFORMATION: 

ii) APPLICANT: 

(A) NAME: John Simmonds 

(B) STREET: 13 0 Amberwood Cres . 

(C) CITY: Nepean 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : K2E 7H8 

(A) NAME: Leslie Cass 

(B) STREET: 170 Grey Fox Dr. 

(C) CITY: Carp 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

<F) POSTAL CODE (ZIP) : KOA ILO 

(A) NAME: Linda Harris 

(B) STREET: 6495 Wheacfield Cres. 

(C) CITY: Greely 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : K4P 1E8 

(A) NAME: Sharon Allard 

(B) STREET: 39 Wigan Dr. 

(C) CITY: Nepean 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : K2E 6K9 

(ii) TITLE OF INVENTION: Wheat Aleurone Regulatory region 
(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS -DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 (EPO) 



(2) INFORMATION FOR SEQ ID NO : 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 687 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME/KEY: promoter 
(3) LOCATION: 1 . .687 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CTAGAGAAAG AGTTTTAGAC CGGAGGTATT TGTTAGGAAG TACTTCTTGC CATACTAGTT 60 

TCAATAAAGT AGCTTGAAAA GACATTTGTT AAGCAACCAT GTGTTTTTAA TATGAAGATC 120 

CTCAATACCG AGAGCCTTTG GTCCCATGGA TGACACAAAA CTTCCCACTT GTTTTTTTTT 180 

TTTGTGTGTG TGTGGGTAAA CTTCCCACTT GGTTAACCTA TACTTCCGCT TATGTTCATC 2 40 

ACTTTGCCAG AAAATTGCAT ATGTGAAGGA AGTGCCAATA TTTAATACCG TCTGGTGTTA 3 00 

TAAATTCATC TCCCAAAATT ATTGGAGTTG AAGATTCACT TGAAAAAATA ATTTGACATA 3 60 

TTAAAGATGT TGCCCTTGCG CGGGGTATCT GCAAATTGAG GATCCAAGGG ACGATTGCAT 420 

CCAGTTCTAA ACACACCATT ATGATTTCAG TGATAATGCA TGCTTCCAAA GCCCAGCTGC 480 

AAGCTTGGGC CATCCTTCGG AAGGGAAAAA GAAAAAGGGG TCCTGCTGCA CCAGCGACTA 540 

AACCATCCAC GCATCTCTCG CTCGAACCCC TATTTAAGCC CCTCCATTCT TCCCTACATT 600 

CTCCACACAA CCACGAGTTG CTCATCTCTC CACCCAATCA TCACTAGCTA ATACGGTGCA 660 

CTGTTAGCTA CAGACCAAGA AGTGATC 687 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 473 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME/KEY: promocer 
(3) LOCATION: 1. .473 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 

AACCTATACT TCCGCTTATG TTCATCACTT TGCCAGAAAA TTGCATATGT GAAGGAAGTG 60 

CCAATATTTA ATACCGTCTG GTGTTATAAA TTCATCTCCC AAAATTATTG GAGTTGAAGA 120 

TTCACTTGAA AAAATAATTT GACATATTAA AGATGTTGCC CTTGCGCGGG GTATCTGCAA 180 

ATTGAGGATC CAAGGGACGA TTGCATCCAG TTCTAAACAC ACCATTATGA TTTCAGTGAT 240 

AATGCATGCT TCCAAAGCCC AGCTGCAAGC TTGGGCCATC CTTCGGAAGG GAAAAAGAAA 3 00 

AAGGGGTCCT GCTGCACCAG CGACTAAACC ATCCACGCAT CTCTCGCTCG AACCCCTATT 3 60 

TAAGCCCCTC CATTCTTCCC TACATTCTCC ACACAACCAC GAGTTGCTCA TCTCTCCACC 420 

CAATCATCAC TAGCTAATAC GGTGCACTGT TAGCTACAGA CCAAGAAGTG ATC 473 
(2) INFORMATION FOR SEQ ID NO : 3: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 206 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(vii) IMMEDIATE SOURCE: 

(B) CLONE: LtpWl • 

(ix) FEATURE :_ 

(A) NAME/Kh:Y: promOCer 

(B) LOCATION:!. .206 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

AGCTTGGGCC ATCCTTCGGA AGGGAAAAAG AAAAAGGGGT CCTGCTGCAC CAGCGACTAA 60 

ACCATCCACG CATCTCTCGC TCGAACCCCT ATTTAAGCCC CTCCATTCTT CCCTACATTC 120 

TCCACACAAC CACGAGTTGC TCATCTCTCC ACCCAATCAT CACTAGCTAA TACGGTGCAC 180 

TGTTAGCTAC AGACCAAGAA GTGATC 206 
(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1469 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME/KEY: promoter 

(B) LOCATION: 1 . .687 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 



TCTAGAGAAA 


GAGTTTTAGA 


CCGGAGGTAT 


TTGTTAGGAA 


GTACTTCTTG 


CCATACTAGT 


60 


TTCAATAAAG 


TAGCTTGAAA 


AGACATTTGT 


TAAGCAACCA 


TGTGTTTTTA 


ATATGAAGAT 


120 


CCTCAATACC 


GAGAGCCTTT 


GGTCCCATGG 


ATGACACAAA 


ACTTCCCACT 


TGTTTTTTTT 


180 


TTTTGTGTGT 


GTGTGGGTAA 


ACTTCCCACT 


TGGTTAACCT 


ATACTTCCGC 


TTATGTTCAT 


240 


CACTTTGCCA 


GAAAATTGCA 


TATGTGAAGG 


AAGTGCCAAT 


ATTTAATACC 


GTCTGGTGTT 


300 


ATAAATTCAT 


CTCCCAAAAT 


TATTGGAGTT 


GAAGATTCAC 


TTGAAAAAAT 


AATTTGACAT 


360 


ATTAAAGATG 


TTGCCCTTGC 


GCGGGGTATC 


TGCAAATTGA 


GGATCCAAGG 


GACGATTGCA 


420 


TCCAGTTCTA 


AACACACCAT 


TATGATTTCA 


GTGATAATGC 


ATGCTTCCAA 


AGCCCAGCTG 


480 
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CAAGCTTGGG 


CCATCCTTCG 


GAAGGGAAAA 


AGAAAAAGGG 


GTCCTGCTGC 




3 4U 


AAACCATCCA 


CGCATCTCTC 


GCTCGAACCC 


CTATTTAAGC 


CCC TC C ATTC 


TTCCCT Av^ A i 


D uu 


TCTCCACACA 


ACCACGAGTT 


GCTCATCTCT 


CCACCCAATC 


ATCACTAGCT 


AATACGLjTvjv- 


A fin 

D O U 


ACTGTTAGCT 


ACAGACCAAG 


AAGTGATCAT 


GGCCCGCGCT 


CAGGTAATGC 


TL. A 1 (jVjL.L.Vj 1 


/ z u 


CGCCTTGGTG 


CTCATGCTCG 


CGGCGGTCCC 


GCGCGCTGCC 


GTGGCCATCG 


TV r*rr\r^^f^^f^f* TV 

AC TCjL. vjU A 




CGTTGACAGC 


TTGGTGAGAC 


CCTGCCTGAG 


CTACGTTCAG 


GGCGGCCCCG 




SAO 


GCAGTGCTGC 


GACGGCGTCA 


AGAACCTCCA 


TAACCAGGCG 


C G ATCCC AG A 


/^/^ TV rpi^^/^/^ TV 

GCUATwuCv-A 




AAGCGCTTGC 


AACTGCCTCA 


AGGGGATCGC 


TCGTGGCATC 


CACAATCTCA 


TV /^/^ TV r^r^ TV ^ TV A 

AC GAGG AC AA 


Q fi n 
7 o u 


CGCCCGCAGC 


ATCCCCCCCA 


AGTGCGGTGT 


CAACCTCCCA 


TACACCATCA 


GTCTCAACAT 


1 n "5 n 


CGACTGCAGC 


AGGTGATTAA 


TTCACATGCA 


AGCATATATA 


TATGAACACT 


CATCCACLjTA 


1 n Q n 


AAATTTATTG 


ATATTAACAT 


TAATCAAATC 


TTTGCACTGC 


AGGGTGTAAT 






CCGTCAAGCT 


GGTGCTCAGC 


TCATCCATCC 


ACGTGGAGTT 


GAAGCGCGCA 


GCCTCTATCC 


1200 


CTATGTAGTA 


TGGTCACTAG 


TTATGCGAGT 


TTATACTGAA 


TATGAATAAG 


AACTCTCTCC 


1260 


AGCTGGCTTG 


CTGGTACTCC 


TCTGGAGGAG 


ATCAGTATCT 


GTGTACCTGA 


GAGTTGAGAG 


1320 


TTTGTACCAT 


GGGCACTCCC 


AGTGTTTATG 


GACTTTAATA 


CATACAACTC 


GTTCTGTTCA 


1380 


GCGTGTGACT 


TATCTTTGTT 


TCCTCACGTT 


CGCCTGTCAT 


ATACTCCTTC 


CATCCGGTAT 


1440 


TAGTTGGCGT 


TCAAACGGAT 


ATATCTAGA 
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REGULATORY REGION OF A LIPID TRANSFER PROTEIN (LTPW1) FROM 

ALEURON TISSUE OF WHEAT 

BACKGROUND OF THE INVENTION 

5 

The present invention relates to plant gene regulatory regions and their use in 
the expression of genes of interest. More specifically, the present invention relates to 
the use of an aleurone regulatory region for organ, and tissue specific expression of a 
gene of interest within aleurone tissues of plants, and for coristirutive expression of a 
10 gene of interest within monocot and dicotyledonous plants. This invention also pertains 
to derivatives of the aleurone regulatory region and their activity in monocot and 
dicotyledonous plants. 

The endosperm of a seed is the site of deposition of storage products such as 
15 starch and proteins used by the developing embryo during germination. The endosperm 
surrounds the embryo of developing and mature cereal seeds. The endosperm 
comprises a peripheral layer of aleurone cells, which are specialized secretory cells. 
During germination, the aleurone layer is involved in the transfer of metabolites from 
the transport system to the endosperm. Furthermore, several antimicrobial compounds 
20 required to protect the seed during dormancy, imbibition and germination are 
^ synthesized within this, tissue. The aleurone cells differentiate from primary 
endosperm cells 10-21 days after fertilization. 

Several aspects of hormonal regulation of gene transcription within aleurone 
25 tissue, in germinating barley seeds have been well characterized ( Fmcher 1989. Annu. 
Rev. Plant Physiol. Mol. Biol. 40:305-346). For example, genes encoding a-amylase, 
responsible for the digestion of the starch stored within the starchy endosperm, and 
p-glucanase, which digests the cell walls, have been isolated and characterized (WO 
90/01551 Rogers; US 5,677,474 Rogers, issued October 14, 1997, Karrer et al 1991, 
30 Plant Mol. Biol. 16:797-805; Slakeski and Fincher 1992). Furthermore, several 
strucmral and regulatory genes involved in anthocyanin biosynthesis within the 
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aleurone have been isolated and characterized (Paz- Ares et al 1987, EMBO J. 
5:829-833; Dellaporta et al 1988, pp263-282 18th Stadler Genet. Symp. ed. J. P. 
Gustafsant and R. Appels). Other genes representing differentially expressed transcripts 
within aleurone layers have also been reported including CHI26 (Lea et al 1991, J. 

5 Biol. Chem. 266:1564-73); pZE40 (Smith et al 1992, Plant Mol. Biol. 20:255-66); 
pHvGS-1, and pcHth3 (Heck and Ho 1996, Plant Mol. Biol. 30:611-23). Several 
genes encoding lipid transfer proteins (Ltp) have also been obtained from barley 
aleurone tissues, including BUE- barley Ltp\, and B12A- barley Ltpl (Jakobsen et al 
1989, Plant Mol. Biol. 12: 285-93). Only one of these genes, B12A, has been 

10 expressed ectopically in transgenic plants. In this case the promoter is active only 
during seed development (Kalla et al 1994 Plant J. 6:849-860) 

Lipid transfer proteins are responsible for the transfer of phospholipids between 
membranes in vitro, and likely play a role during membrane biogenesis. This may be 

15 especially important in aleurone ceils which are known to develop extensive membrane 
systems. Skriver et al (1992, Plant Mol.Biol. 18: 585-589) disclose the sequence of 
a genomic Ltp (Ltpl), including the promoter region, from barley. Northern analysis 
demonstrated that this gene was specifically expressed in developing and germinating 
seeds, as well as in whole seeds and aleurone layers obtained from seeds 30 days post 

20 anthesis (dpa). No expression of Ltpl mRNA was observed in root, leaf, or shoot 
tissues, or coleoptiles of germinating seeds. Linnestad et al (1991, Plant Physiol 97: 
841-843) also discloses the promoter sequence of the Ltpl promoter from barley which 
was obtained using barley cDNA B12A as a probe. The Ltpl promoter, as well as 
a modified form of this promoter is disclosed in WO 95/23230 (February 23, 1995; 

25 Olsen et al). The modified form of the Ltpl promoter was not specific to directing 
expression within aleurone cells, and was active in a range of plant organs and tissues 
including aleurone cells, scutellar epithelial tissue and vascular tissue during 
germination or in the plant, including root, leaves and stem. 

30 The promoter of B12A (also termed Ltp2) directs expression specifically within 

the aleurone layer of developing grain as determined using transgenic cereal plants 



.Ol2729eAlJA> 



wo 01/027296 PCT/CAOO/01185 

(Kalla et al 1994, Plant J. 6: 849-860). The sequence of the Ltp2 promoter is disclosed 
in CA 2, 1 10,772 (filed December 6, 1993, Olsen and Kalla) and US 5,525,716 (Kalla 
et al). Dieryck et al (1992, Pit,. Molec. Biol 19:707-709) disclose the incomplete 
cDNA sequence of a wheat (Triticum durum) Ltp (pTd4.90). Ltp genes comprise a 

5 multigenic family and are ubiquitous in plants. Unfortunately as these genes or 
corresponding proteins have been isolated from various species there is no uniformity 
in the terminology used to identify the genes. Hence Ltpl from tobacco, barley and 
Arabidopsis are not the same. As well, two barley Ltp2 genes are described in the 
literature; barley Lpt2 as described in Molina and Garcia-Oimedo (Piant J. 4:983-991) 

10 is a leaf Lpt, while barley Ltp2 as described in Kalla et al (1994 Plant J. 6:849-860) 
is aleurone specific. 

It is desirable to provide regulatory regions capable of controlling aleurone 
specific expression that is not detrimental to the developing embryo and seedling. 
15 Aleurone-specific regulatory regions may be used for the regulation of the expression 
of heterologous or native genes within aleurone tissue of cereal seeds in order to 
modify grain development and germination. For example, placing genes of interest 
under the control of aleurone-specific regulatory regions may be used to: 

20 1) mediate the unloading of metabolites from the transport system into the 

endosperm, since this metabolite unloading is processed through aleurone cells. 
By expressing genes of interest involved in this process specifically within the 
aleurone, the grain yield may be affected. For example, which is not to be 
considered limiting in any manner, these genes of interest may include Na* 

25 and K"** ATPases functioning in active transport, modifiers of membrane pore 

exclusion parameters such as TMV movement proteins, invertase for sucrose 
transport etc.; 

2) affect the quality of the grain, through the production of specific proteins or 
30 enzymes, lipids, secondary metabolites etc. and their secretion into the 

endosperm during endosperm development or endosperm digestion. For 
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example, which is not to be considered limiting in any mamier, such proteins 
may include starch synthase, ADP glucose pyrophosphorylase, monoclonal 
antibodies, glutenins. anticoagulants (eg hirudin), anti-pathogenic phenol ics 
etc.. Furthermore, expression of a gene of interest within the aleurone may 
5 also be used in order to express proteins for nutritional or medicinal purposes 

for feeding to animals or humans; 

3) regulate pre-harvest sprouting by affecting dormancy, for example which is not 
to be considered limiting, by over-expression of ACC synthase to induce 
10 inhibitory levels of ethylene; 

4) enhance alcohol production- introduction of novel high temperature resistant 
enzymes for industrial application, including, but not limited to, thermostable 
amylases, pectinases and invertase; 

15 

5) modify disease resistance of developing and germinating grains by expressing 
proteins, for example but not limited to, oxalate oxidase, glucose oxidase, 
chitinase, or lipid transfer proteins, in combination with a suitable signal peptide 
for targeting to the extracellular matrix and cell wall localization. This 

20 approach can be used to modify the matrix to provide a stronger physical 

barrier against invading pathogens or to direct specific anti-pathogen agents to 
the aleurone/pericarp interface. 

This invention characterizes a novel wheat aleurone specific regulatory region 
25 active during embryo development and germination and which controls expression of 
heterologous genes of interest within transgenic plants. Furthermore, this invention 
relates to a constitutive regulatory element that is active within monocot and 
dicotyledonous plants, and which can be used to drive the expression of a gene of 
interest in a variety of plants. 

30 
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SUMMARY OF THE INVENTION 

The present invention relates to plant gene regulatory regions and their use in 
the expression of genes of interest. More specifically, the present invention relates to 
the use of a constitutive regulatory region and derivatives of this regulatory region for 
expression of a gene of interest within both monocotyledonous and dicotyledonous 
plants. 

Accordingly, the present invention is directed to a regulatory element 
comprising, the nucleotide sequence of SEQ ID NO:3, or a fragment, mutation, or 
derivative thereof, or a nucleotide sequence that hybridizes to the nucleotide sequence 
of SEQ ID NO:3 under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42°C; and washing from about 0.5XSSC to about 0.2XSSC at 65°C, and 
exhibits regulatory element activity. Preferably, the regulatory element exhibits 
constitutive activity. Furthermore, the present invention includes the regulatory 
element as just defined wherein the regulatory element is a chimeric regulatory 
element, comprising an exogenous regulatory element selected from the group 
consisting of an enhancer element and a silencer element. 

This invention also pertains to a vector comprising the regulatory element 
defined above in operative association with a gene of interest, and to a transformed 
plant cell culture, a transgenic plant, either monocotyledonous or dicotyledonous plant, 
or a transgenic seed comprising the vector as just defined. 

The present invention also embraces a regulatory element comprising, a 
nucleotide sequence selected from the group consisting of SEQ ID NO's:5 - 1 1 and 22- 
26, or a fragment, mutation, or derivative thereof, or a nucleotide sequence that 
hybridizes to a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26, under the following conditions: hybridization in 5XSSC and 
50% formamide at 42*^0; and washing from about 0.5XSSC to about 0.2XSSC at 
65 °C, and that exhibits regulatory element activity. 



BNSOOCID: <WO 012729aAl JA> 



wo 01/(127296 PCT/CAOO/01 185 

This invention relates to a transgenic dicotyledonous plant comprising a gene 
construct, wherein the gene construct comprises: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutation, or derivative thereof, 
5 or a nucleotide sequence that hybridizes to a nucleotide sequence 

selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42 "^C; and washing from about 0.5XSSC to about 
0.2XSSC at bS^'C, and hat exhibits regulatory element activity; and 
10 ii) a gene of interest in operative association with said nucleotide sequence. 



Furthermore, this invention includes a transgenic monocotyledonous plant 
comprising a gene construct comprising: 

i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO*s: 5 - 11 and 22-26 , or a fragment, mutation, or derivative thereof, 
or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42°C; and washing from about 0.5XSSC to about 
0.2XSSC at 65 ''C, and that exhibits regulatory element activity; and 
ii) a gene of interest in operative association with said nucleotide sequence. 

The present invention also considers a method of expressing a gene of interest 
within a plant comprising: 
25 i) operatively linking a gene of interest for which expression is 

desired with the regulatory region of claim 1 to produce a gene 
construct; and 

ii) introducing said gene construct into said plant and allowing for 
expression of said gene of interest, 
30 This method includes a plant that is a monocotyledonous plant, or a dicotyledonous 
plant. 



15 



20 
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This summary of the invention does not necessarily describe all necessary 
5 features of the invention but that the invention may also reside in a sub-combination 
of the described features. 
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These and other features of the invention will become more apparent from the 
following description in which reference is made to the appended drawings wherein: 

5 

FIGURE 1 shows Ltp expression in aleurone tissues of Hordeum and Triticum species 
using Northern analysis hybridized with a barley Ltpl DIG-labelled cDNA. 
Figure 1(a) shows Hordeum vulgare at 20 dpa; Figure 1(b) shows Triticum 
aestivum at 10 dpa; Figure 1 (c) shows T, aesiivum at 20 dpa; Figure 1 (d) 
10 shows r. tungidum at 10 dpa, 

FIGURE 2 shows RNA in situ hybridization of ^^S-labelled barley Ltp ribo-probe in 
73h germinating, and 18 dpa developing wheat grain. Figure 2 (a) and Figure 

2 (b) show 73h germinating wheat grain, and Figure 2 (c) and Figure 2 (d) 
15 show 18 dpa developing wheat grain. Figure 2 (a) and Figure 2 (c) show 

hybridization results using anti-sense probe; Figure 2 (b) and Figure 2 (d) show 
hybridization with sense probe. 

FIGURE 3 shows the DNA sequence of the genomic LtpWl gene. The coding region 
20 is underlined (the intron is not underlined). The ATG start and TGG stop 

codon are in bold type. The cap site, TATA, CAT boxes are italicized and 
double-underlined at positions -83, -117 and -222, respectively. SEQ ID NO 
1 runs from -687 to -1, SEQ ID NO 2 runs from -473 to -1, and SEQ ID NO 

3 runs from -206 to -1. 

25 

FIGURE 4 shows the DNA sequence alignment of LtpWl and barley Ltp genes. 
Figure 4 (a) shows alignment of LtpWl (top row) and barley Ltpl (bottom 
row); Figure 4 (b) shows alignment of LtpWl (top row) and barley Ltp2 (Kalla 
et al 1994 Plant J. 6:849-860). The ATG of the Ltp genes is overlined. 

30 
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shows the LtpWl regulatory region constructs, in all three constructs 
the ADH1S6 intron lies between the LtpWl regulatory region and the 
coding region of the marker gene, GUS. Figure 5(a) p687LtpWl-GUS; 
Figure 5(b) p473 LtpWl -GUS; Figure 5(c) p206LtpWl-GUS; Figure 
5(d) pLC-GUS, the promoterless control used in transient assays. 



FIGURE 6 shows two constructs used for comparative studies containing prior art 
promoters. Figure 6(a) P35s-GUS, Figure 6(b) pACT-GUS. 



10 FIGURE 7 



15 



FIGURES 



shows transient expression of LtpWl regulatory region - GUS 
(p687LtpWl-GUS) fusion in aleurone of cereal grains delivered by 
microprojectile bombardment. Figure 7(a) shows T. aestivum at 15 
dpa; Figure 5(b) shows Zea mays at 13 dpa, and Figure 7(c) shows H, 
vulgare at 12 dpa. 

shows GUS expression in aleurone layer (arrowed) of 3 days 
germinated kernel of Z. mays, Tl self progeny, transformed with 
p473LtpWl-GUS fusion. 



20 FIGURE 9 shows a restriction map of the LtpWl regulatory region corresponding 

to the sequence of SEQ ID NO:l. 



FIGURE 10 shows a diagranmiatic representation of the p206Ltp-oxo plasmid 
comprising the 206 fragment of the Ltp regulatory region (Lpt prom), 
25 adjoining an intron and the oxo coding region. 



FIGURE 11 shows the expression of p206Ltp-oxo in leaf tissue of uransgenic com. 

CK44 is a non-transformed control, and Act-oxo Homo is an actin-OXO 
T5 line homozygous for the OXO gene, and is a high expressing 
30 positive control. The remaining Tq transgenic lines comprise p206Ltp- 

0x0. 
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FIGURE 12 shows a series of deletion constructs of the TAP (p206Ltp) regulatory 
region and there activity in com. Figure 12(A) shows a diagrammatic 
representation of the 5' deletion series of the TAP regulatory region fused to 
the reporter GUS. Figure 12(B) shows the activity of the constructs outlined 
5 in Figure 12(A) within corn callus as determined using transient expression 

analysis. 

FIGURE 13 shows a series of mutational TAP constructs. Figure 13 (A) shows a 
diagranmiatical representation of a mutational series TAP 1- TAP 5. Figure 
10 13(B) shows a diagrammatical representation of several chimeric TAP 

constructs, GCC(4) TAP, G(5) TAP and (Bst2) TAP. Figure 13(C) shows the 
substituted nucleotides within the TAPl to TAP 5 mutational series of Figure 
13(A). Substitutions 1-5 correspond to TAP 1 to TAP 5, respectively. Figure 
13(D) shows the nucleic acid sequence of the deletion series for Figure 13(A). 

15 

FIGURE 14 shows activity of several regulatory regions of the present invention. 
Figure 14(A) shows the activity of a mutational series TAP 1 to TAP 5, and 
several deletion constructs, TAP-150, TAP-100, and TAP-50, and several 
chimeric regulatory regions, GCC(4)TAP, G(5)TAP, (Bst)2TAP in wheat 
20 callus. Figure 14(B) shows the activity of three other modified TAP regulatory 

regions within wheat callus. Figure 14(C) shows the activity of a mutational 
series TAP 1 to TAP 5, and several deletion constructs, TAP-150, TAP-100, 
and TAP-50, and several chimeric regulatory regions, GCC(4)TAP. G(5)TAP, 
(Bst)2TAP in tobacco leaf cells. 
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DESCRIPTION OF PREFERRED EMBODIMENT 

The present invention relates to plant gene regulatory regions and their use in 
the expression of genes of interest. More specifically, the present invention relates to 
the use of a consitutive regulatory region for expression of a gene of interest within 
plants. 

The following description is of a preferred embodiment by way of example only 
and without limitation to the combination of features necessary for carrying the 
invention into effect. 

Described below is a constitutive regulatory element p206LtpWl (SEQ ID 
NO:3), that is active in both monocotyledonous and dicotyledonous plants. The 
constimtive regulatory element was obtained from a wheat genomic Ltp sequence 
termed LtpWl (SEQ ID NO:4). The coding region of the LtpWl gene sequence 
exhibits about an 85 % homology with barley Ltpl , and includes a 26 amino acid transit 
peptide. The regulatory region of a wheat lipid transfer protein (Ltp) gene, LtpWl, 
has been isolated and characterized. This regulatory region comprises a novel 
oligonucleotide sequence (SEQ ID NO:l). which is active in aleurone of wheat, maize 
and barley. The full length regulatory region is not active in leaf, root, or coleoptile 
tissues. However, a truncated form of LtpWl regulatory region, termed 206Ltp, 
206LtpWl or TAP (Truncated Aleurone Promoter; SEQ ID NO 3), is active in a range 
of tissues and plant organs, and is active in both monocot and dicot plants. 

The regulatory region of LtpWl compared to the barley Ltpl regulatory region 
has 43% sequence similarity with the majority of sequence similarity (82%) occurring 
within 140 nucleotides upstream of the transcriptional start site (see Figure 4(a)). A 
minor sequence similarity was noted between LtpWl and a barley amylase protease 
inhibitor, however, no sequence similarity of any significance was observed between 
LtpWl and Ltp2, or other known Ltp regulatory region sequences. 
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The ftiU length LtpWl regulatory region (687 nucleotides; p687LtpWl; SEQ 
ID NO:l), or a truncated LtpWl regulatory region, p473LtpWl (SEQ ID NO:2; 
comprising a 473 nucleotide fragment of the full length regulatory region), can be 
used to drive the expression of a gene of interest within the aleurone layer of a 
developing and germinating seed of a monocotyledonous plant, for example, but not 
limited to, wheat, rice, barley and maize. 

LtpWl exhibits 8.8% of 35S activity and 1 2.2 % activity of the strong rice action 
monocot constitutive regulatory region (Table 2, Example 3). Comparison of histological 
evidence of expression of Ltp2 (Kalla et al 1 994, Plant J. 6:849-860)), with Figure 7 of 
the present invention (histological evidence of LtpWl activity) indicates that LtpWl 
is more than two times stronger than Ltp2. 

Experiments with deletions of the LtpWl regulatory region indicate that the 473 
nucleotide fragment (SEQ ID NO: 2; p473LtpWl) of the full length regulatory region 
is more active in aleurone tissue than the 687 base pair regulatory region, (SEQ ID 
NO: 1), p687LtpWl (Table 3). However, neither the full length regulatory region, nor 
the 473 bp truncated regulatory region were active in leaf tissue (see Table 4). A 
truncated regulatory region comprising a 206 bp nucleotide fragment (SEQ ID NO:3, 
p206LtpWl, also referred to as TAP) of the full length regulatory region was active 
in aleurone, leaf, and scutellum tissue, functioning as a minimal regulatory region 
element, this 206 bp region therefore represents a novel, constitutive, regulatory 
region useful for expressing a gene of interest within plants. 

The 206bp region was also found to direct the expression of a gene of interest 
within leaf tissue of a range of dicotyledonous plants, including Soya, Brassica and 
Nicotiana (Table 6, Example 6). Chimeric constructs comprising the strong monocot 
promoter, the rice actin promoter (McElroy D., Zhang, W., Cao, J., and Wu, R. 
1990. Plant Cell 2:163-171) were also introduced into these plants, and no activity 
was observed. These results indicate that the 206bp region also represents a novel 
constitutive regulatory region active in a range of plants, including both dicotyledonous 
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and monocotyledonous plants. Deletion and mutational analysis » and other 
modifications of the TAP regulatory element, including the preparation of chimeric 
regulatory elements, indicate that the level of TAP activity can be increased in both 
monocot and dicot plants (example 7). 

Figure 3 shows the sequence of the LtpWl gene comprising the regulatory 
element region as identified in SEQ ID NO: 1 . The numbering of the regulatory region 
in Figure 3 is from base pairs -687 to -1 , while the coding region of the gene is from 
base pairs +1 to 753. Therefore, p687LtpWl comprises the sequence of SEQ ID 
NO:l (nucleotides 1-687), which are equivalent to the sequence of base pairs -687 to 
-1 of Figure 3. p473LtpWl comprises the sequence of SEQ ID NO:2, nucleotides 
214-687 of SEQ ID NO:l, or bps -473 to -1 of Figure 3. p206LtpWl comprises the 
sequence of SEQ ID NO:3, nucleotides 481-687 of SEQ ID NO:l, or bps -206 to -1 
of Figure 3. 

By "regulatory element" or "regulatory region" , it is meant a portion of nucleic 
acid typically, but not always, upstream of a gene, and may be comprised of either 
DNA or RNA, or both DNA and RNA. The regulatory elements of the present 
invention includes those which are capable of mediating organ specificity, or 
controlling developmental or temporal gene activation. Furthermore, "regulatory 
element" includes promoter elements, core promoter elements, elements that are 
inducible in response to an external stimulus, elements that are activated constitutively , 
or elements that decrease or increase promoter activity such as negative regulatory 
elements or transcriptional enhancers, respectively. It is also to be understood that 
enhancer elements may be repeated thereby further increasing the enhancing effect of 
an enhancer element on a regulatory region. In the context of this disclosure, the term 
"regulatory element" also refers to a sequence of DNA, usually, but not always, 
upstream (5') to the coding sequence of a structural gene, which includes sequences 
which control the expression of the coding region by providing the recognition for 
RNA polymerase and/or other factors required for transcription to start at a particular 
site. An example of a regulatory element that provides for the recognition for RNA 
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polymerase or other transcriptional factors to ensure initiation at a particular site is a 
promoter element. A promoter element comprises a core promoter element, 
responsible for the initiation of transcription, as well as other regulatory elements (as 
listed above) that modify gene expression. It is to be understood that nucleotide 
5 sequences, located within introns, or 3' of the coding region sequence may also 
contribute to the regulation of expression of a coding region of interest. A regulatory 
element may also include those elements located downstream (3') to the site of 
transcription initiation, or within transcribed regions, or both. In the context of the 
present invention a post-transcriptional regulatory element may include elements that 
10 are active following transcription initiation, for example translational and 

transcriptional enhancers, translational and transcriptional repressors, and mRNA <^ 
stability determinants. 

The regulatory elements, or fragments thereof, of the present invention may be 
operatively associated with heterologous or exogenous regulatory elements or 
promoters in order to modulate or mediate the activity of the heterologous regulatory 
element. Such modulation includes enhancing or repressing transcriptional activity of 
the heterologous regulatory element, modulating post-transcriptional events, or both 
enhancing or repressing transcriptional activity of the heterologous regulatory element 
and modulating post-transcriptional events. For example, one or more regulatory 
elements, or fragments thereof, of the present invention may be operatively associated >^ 
with enhancer or silencer elements, to mediate the activity of such regulatory elements 
within a variety of plants. Furthermore, an intron, for example, but not limited to, the 
IVS6 intron from maize (Callis, J., 1987, Genes Dev. 1: 1183-1200). or the maize 
actin intron (McElroy, D, et al., 1991. Mol. Gen. Genet. 231: 150-160), may be 
included for optimizing expression within monocotyledonous or dicotyledonous plants. 

An "analogue" of the regulatory elements described herein include any 
substitution, deletion, or additions to the sequence of a regulatory element provided 
30 that the analogue maintains at least one regulatory property associated with the activity 
of the regulatory element. Such regulatory properties include directing expression of 
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a gene in operative association with the regulatory element in one or more tissues, or 
directing organ-specific expression, imparting tissue specificity, or a combination 
thereof, or temporal activity, or developmental activity, or a combination thereof, or 
other regulatory attributes including, constitutive activity, negative regulatory 
elements, enhancer sequences, or sequences that affect stability of the transcription or 
translation complexes or stability of the transcript. 

The DN A sequences of the present invention thus include the DN A sequences 
of SEQ ID NO: 1 to 11, and 22 to 26, the regulatory regions and fragments thereof, 
as well as analogues of, or nucleic acid sequences comprising about 80% similarity 
with the nucleic acids as defined in SEQ ID NO's: 1 to 11 or 22 to26. Analogues (as 
defined above), include those DNA sequences which hybridize under stringent 
hybridization conditions (see Maniatis et aL, in Molecular Cloning (A Laboratory 
Manual), Cold Spring Harbor Laboratory, 1982. p. 387-389) to any one of the DNA 
sequence of SEQ ID NO: 1 to 11 and 22 to 26, provided that said sequences maintain 
at least one regulatory property of the activity of the regulatory element as defined 



An example of one such stringent hybridization conditions may be hybridization 
in 4XSSC at 65 ^'C, followed by washing in O.IXSSC at 65 °C for an hour. 
Alternatively an exemplary stringent hybridization condition could be in 50% 
formamide, 5XSSC at 42°C and washing in from about 0.5XSSC to about 0.2XSSC 
at 65 °C. Analogues include those DNA sequences which hybridize to any one of the 
sequences of SEQ ID NO: 1 to 11 and 22 to 26 under these hybridization conditions. 

A constitutive regulatory element directs the expression of a gene throughout 
the various parts of a plant and continuously throughout plant development. Examples 
of known constitutive regulatory elements include promoters associated with the CaMV 
35S transcript. (Odell et al., 1985, Nature, 313: 810-812), the rice actin 1 (Zhang et 
al," 1991, Plant Cell, 3:. 1155-1 165) and triosephosphate isomerase 1 (Xu et al, 1994, 
Plant PkysioL 106: 459-467) genes, the maize ubiquitin 1 gene (Cornejo et al, 1993, 
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Plant Mol. Biol. 29: 637-646), the Arabidopsis ubiquitin 1 and 6 genes (Holtorf et al, 
1995, Plant MoL Biol 29: 637-646), T1275 (U.S. 5,824,872), and the tobacco 
translational initiation factor 4A gene (Mandel et al, 1995 Plant Mol, BioL 29: 995- 
1004). The regulatory element, p206LtpWl, as described herein, is another example 
J of a constitutive regulatory element. 



The present invention also includes a chimeric regulatory region comprising the 
p206Ltp (also referred to as TAP) regulatory region as defined by SEQ ID NO:3, or 
a nucleic acid that hybridizes to SEQ ID NO: 3, as derlned above, a fragment of 

10 p206Ltp (TAP) regulatory region, for example but not limited to, fragments as defined 
by SEQ ID NO's: 5 to 11, or a substituted, modified, or mutated regulatory region, 
for example but not limited to the regulatory regions defined in SEQ ID NO's 22-26, 
and one or mediators of this regulatory activity. By "mediate" , it is meant the activity 
associated with an exogenous regulatory element that further regulates the activity of 

15 p206Ltp. For example, which is not to be considered limiting in any manner, a 
mediator may either up regulate, down regulate the activity of TAP, and comprise one 
or more enhancer or silencer elements, respectively. Examples of enhancer elements 
are known in the art, and include, but are not limited to, enhancers active in 
dicotyledonous and monocotyledonous plants, the 35S enhancer, actin enhancer, and 

20 the enhancer from T1275 {Bstl element; U.S.5,824,872, which is incorporated herein 
by reference). Furthermore, chimeric regulatory elements comprising p206Ltp or an 
analogue or fragment thereof may also include, but are no limited to, the addition of 
one or more GCC boxes, one or more G boxes or other sequences that may otherwise 
regulate the regulatory region activity of the regulatory region (see for example Figure 

25 13(B)). Regulatory region activity associated with such chimeric regulatory regions 
have been demonstrated in monocots (Figure 14(A)) and dicots (Figure 14 (C)). 
However, it is to be understood that other chimeric TAP regulatory regions may also 
be prepared that exhibit desirable regulatory region properties including increasing, 
or modulating regulatory activity. 

30 
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Nucleic acid constructs comprising a chimeric regulatory region associated with 
206LtpWl were therefore examined to determine if exogenous regulatory regions, 
mediators, may further regulate the activity of TAP. Transient expression assays 
indicate that a dicot enhancer element, for example but not limited to an enhancer 
obtained from tobacco, is active in increasing the activity of 206LtpWl in plants (e.g. 
Table 6, Example 6). Similarly, one or more GCC boxes or one or more G boxes are 
also able to enhance TAP activity (see Figures 14(A) and 14(C)) in both monocot and 
dicot plants. Therefore, the present invention is also directed to gene constructs 
comprising a chimeric 206LtpWl regulatory region, comprising p206 or a fragment 
or analogue thereof in association with at least one other exogenous regulatory region: 
The present invention also pertains to the use of a chimeric regulatory region as just 
described in operative association with a gene of interest. 

Any exogenous gene, or gene of interest, can be used and manipulated 
according to the present invention to result in the expression of the exogenous gene. 

By "gene of interest" it is meant any gene that is to be expressed within a host 
organism. Such a gene of interest may include, but is not limited to, a gene that 
encodes a protein directed at improving an agronomic trait of the plant, for example 
but not limited to improving plant defence against pathogens, or resistance to 
herbicides. A gene of interest may also include, but is not limited to, a gene that 
encodes a pharmaceutically active protein, for example growth factors, growth 
regulators, antibodies, antigens, their derivatives useful for immunization or 
vaccination and the like. Such proteins include, but are not limited to, interleukins, 
insulin, G-CSF, GM-CSF, hPG-CSF, M-CSF or combinations thereof, interferons, for 
example, interferon-a, interferon-fi, interferon-x, blood clotting factors, for example. 
Factor vm. Factor IX, or tPA or combinations thereof. A gene of interest may also 
encode an industrial enzyme, protein supplement, nutraceutical, or a value-added 
product for feed, food, or both feed and food use. Examples of such proteins include, 
but are not limited to proteases, oxidases, phytases, chitinases, invertases, lipases, 
ceilulases, xylanases, enzymes involved in oil biosynthesis etc. 
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The chimeric gene construct of the present invention can further comprise a 3' 
untranslated region. A 3' untranslated region refers to that portion of a gene 
comprising a DNA segment that contains a polyadenylation signal and any other 
regulatory signals capable of effecting mRNA processing or gene expression. The 
5 polyadenylation signal is usually characterized by effecting the addition of polyadenylic 
acid tracks to the 3* end of the mRNA precursor. Polyadenylation signals are 
conunonly recognized by the presence of homology to the canonical form 5' A AT AAA- 
3* although variations are not uncommon. 

10 Examples of suitable 3' regions are the 3' transcribed non-translated regions 

containing a polyadenylation signal of Agrobacterium tumor inducing (Ti) plasmid 
genes, such as the nopaline synthase {Nos gene) and plant genes such as the soybean 
storage protein genes and the small subunit of the ribulose-1, 5-bisphosphate 
carboxylase (ssRUBISCO) gene. The 3' untranslated region from the structural gene 

15 of the present constract can therefore be used to construct chimeric genes for 
expression in plants. 

The chimeric gene construct of the present invention can also include further 
enhancers, either translation or transcription enhancers, as may be required. These 

20 enhancer regions are well known to persons skilled in the art, and can include the ATG 
initiation codon and adjacent sequences. The initiation codon must be in phase with 
the reading frame of the coding sequence to ensure translation of the entire sequence. 
The translation control signals and initiation codons can be from a variety of origins, 
both natural and synthetic. Translational initiation regions may be provided from the 

25 source of the transcriptional initiation region, or from the structural gene. The 
sequence can also be derived from the regulatory element selected to express the gene, 
and can be specifically modified so as to increase translation of the mRNA. 

To aid in identification of transformed plant cells, the constructs of this 
30 invention may be further manipulated to include plant selectable markers. Useful 
selectable markers include enzymes which provide for resistance to an antibiotic such 
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as gentamycin, hygromycin. kanamycin, and the like. Similarly, enzymes providing 
for production of a compound identifiable by colour change such as GUS 
(P-glucuronidase), or luminescence, such as luciferase are useful. 

5 The data presented herein indicate that nucleotides 1-214 and 215-481 of SEQ 

ID NO: 1 are responsible for imparting tissue specificity within this regulatory region, 
since once the nucleotides 1-481 are removed from the full length regulatory region, 
tissue specificity is lost (Table 4). It is contemplated that either of these regions may 
be combined with any suitable regulatory region of interest, for example, which is not 
10 to be considered limiting, a minimal, constitutive, or viral promoter etc. in order to 
obtain aleurone-specific expression of a gene linked thereto. Both of these regions 
were found to comprise very low sequence similarity with other sequences present 
within gene sequence databases such as GenBank. 

15 Furthermore, the data presented in Table 3 indicates that the region comprising 

nucleotides 1-481 of SEQ ID NO: 1 is responsible for regulating the strength of 
regulatory region activity, and includes both silencer- and enhancer-type activities . For 
example, the fragment comprising nucleotides 215-481 of SEQ ID NO:l may be used 
as an enhancer like element as constructs comprising this region (e.g. p473LtpWl) 

20 resulted in increased expression when compared with either the full length regulatory 
region (p687LtpWl) or the truncated regulatory region p206LtpWl (see Table 3). 
Similarly, nucleotides 482-687 (of SEQ ID NO:l) also exhibit enhancer-type activity, 
since constructs comprising this region (p206LtpWl) exhibited higher levels of 
expression than the full length regulatory region. Therefore, it is contemplated that 

25 nucleotides 214-481 , or 482-687 of SEQ ID NO: 1 may be combineid with any suitable 
regulatory region of interest, for example, which is not to be considered limiting, a 
minimal, constitutive, or viral promoter etc., in order to obtain both aleurone-specific 
expression of a gene linked thereto, as well as increased gene expression. 

30 The present invention also pertains to the p687LtpWl regulatory region 

comprising additional enhancer or silencer elements, or further comprising 
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modifications to the sequence of these regulatory regions, for example mutations, 
additions or substitutions as described in , but not limited to those of Figure 13(A), or 
(B). 



5 Similarly, the fragment comprising nucleotides 1-214 comprises silencer-type 

elements as constructs comprising this region (e.g. p687LtpWl) result in lower levels 
of expression compared with the levels of expression obtained with either of the 
truncated regulatory region constructs, p206LtpWl, or p473LtpWl (see Table 3). It 
is contemplated that nucleotides 1-214 rnay be combined with any suitable regulatory 
10 region of interest, for example, which is not to be considered limiting, a minimal, 
constitutive, or viral promoter etc. , in order to obtain both aleurone-specific expression 
of a gene linked thereto, along with reduced gene expression. 

The truncated regulatory region, p473LtpWl, was used to transform maize, 
15 where it was noted that this regulatory region was active only in aleurone of developing 
and germinating cereal grain. 

In transient assays, activity of the 206 bp Hinll/BcII truncated regulatory 
element (SEQ ID N03; Figure 3) in non-aleurone tissues was relatively low (7-11%) 

20 compared to other constitutive promoters (see Table 4, Example 3). However, the level 
of stable expression in transformed plants (FiglO) was high, equalling the activity 
observed for the expression of a gene of interest under the control of a strong monocot 
regulatory element, the rice actin promoter (McElroy D., Zhang, W., Cao, J., and 
Wu, R. 1990. Plant Cell 2:163-171). Chimeric TAP regulatory regions were also 

25 found to be active in directing the expression of a gene of interest in monocot and dicot 
tissues (see Figures 14 (A) and (C)) . Therefore, it is contemplated that the p206 
(TAP) region may also be combined with any suitable regulatory region of interest, for 
example, which is not to be considered limiting, a minimal, constitutive, or viral 
promoter etc. in order to obtain aleurone-specific expression of a gene linked thereto. 

30 
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Deletion analysis of the TAP regulatory region (constructs outlined in Figure 
12(A)) indicate that from -206 to about -110 (nucleotides 1- 98 of SEQ ID NO:3) of 
the TAP regulatory region did not have any appreciable effect of the activity of the 
p206Ltp regulatory region in monocots, for example corn. However, the region 
5 between -100 and -110 (nucleotides 90 to 108 of SEQ ID NO:3) was observed to be 
required for high expression levels. 

The -150 TAP (regulatory region defined in SEQ ID NO: 5), -100 TAP 
(regulatory region defined in SEQ ID NO: 10) and -50 TAP (regulatory region defined 

10 in SEQ ID NO: 11) regulatory region in monocots is shown in Figure 14(A), and in 
dicots is shown in Figure 14(C). In monocots, high levels of regulatory region activity 
are observed with the -150 TAP construct (Figure 14(B)), while the removal of the - 
150 region removed any activity, as indicated with the activity associated with the -100 
TAP construct compared with the -150 TAP construct (Figure 14(A)), or the -120 to 

15 -80 region (regulatory region defined in SEQ ID NO: 12; Figure 14(B)). These results 
suggest that one or more core regulatory elements reside within this region (i.e. the - 
150 to -100- region; nucleotides 58 to 108 of SEQ ID NO:3). 

Nucleotides 89-96 of SEQ ID NO: 3 are AT rich. To determine if this region 
20 is involved with the activity of the TAP regulatory element, a construct was prepared 
comprising substitutions in this region (-130 to -120/ -113 to -116 mutation construct, 
having a regulatory region. defined in SEQ ID NO: 13). This construct resulted in a 
decrease in activity in monocots (Figure 14(B)). 

25 Analysis of die deletion constructs in dicots indicates that significant activity is 

associated with the -150 TAP, -100 TAP and the -50 TAP constructs (regulatory 
regions defined in SEQ ID NO's: 5, 10 and 11, respectively). Since there is no loss 
of activity with the removal of the -150 to -100, or -50 region, as was observed in 
monocots, this demonstrates that the sequence from -50 to -1 (nucleotides 158 to 206 

30 of SEQ ID NO:3), exhibits regulatory region activity in dicots. 
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Several alterations and substitutions of the TAP regulatory region were also 
examined for regulatory region activity. Example of constructs TAPl to TAP 5, which 
are not to be considered limiting in any manner, are shown in Figure 13 (A) 
(regulatory regions defined in SEQ ID NO's: 22-26). The TAP 1 to TAP 4 constructs 

5 all exhibit a large increase in activity in monocots when compared with the activity 
associated with the p206Ltp (TAP) construct. These data demonstrate that the 
regulatory region activity may be enhanced through the mutation, alteration, or 
substitution of nucleotides within Uie TAP sequence. It is also to be understood that 
the modifications described above to die TAP regulatory region, as well as chimeric 

10 regulatory region constructs, may also be included within the fiill length Ltp regulatory 
region, including the p687LtpWl or p473LtpWl regulatory regions, or fragments 
thereof. 



Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) were 
15 also examined in dicots as shown in Figure 14(C). The TAP 1 to TAP 5 constructs all 
exhibit a similar level, or an increase in the level of regulatory region activity when 
compared with the activity associated with the p206Ltp (TAP) construct. Chimeric 
regulatory elements comprising (Bst)2 TAP, GCC (4) TAP or G(5) TAP exhibit an 
increase in regulatory region activity (Figure 14(C)). 

20 

Collectively these results demonstrate that substitutions or additions to the Ltp 
regulatory region, preferably the p206Ltp region, are functional in both monocot and 
dicot plants, and result in increased activity in bodi monocot and dicot plants. 

25 The gene constructs of the present invention can also include other optional 

regulatory motifs such as enhancers, either translation or transcription enhancers, as 
may be required. These enhancer regions are well known to persons skilled in the art, 
and can include, for example, the enhancer region of the 35S regulatory region, as well 
as other enhancers obtained from other regulatory regions, and/or the ATG initiation 

30 codon and adjacent sequences. The initiation codon must be in phase with the reading 
frame of the coding sequence to ensure translation of the entire sequence. The 
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translation control signals and initiation codons can be from a variety of origins, both 
natural and synthetic. Translational initiation regions may be provided from the source 
of the transcriptional initiation region, or from the structural gene. The sequence can 
also be derived from the promoter selected to express the gene, and can be specifically 
modified so as to increase translation of the mRNA. 



Also considered part of this invention are transgenic plants containing the 
chimeric gene construct of the present invention. Methods of regenerating whole 
plants from plant cells are known in the art, and the method of obtaining transfonned 

10 and regenerated plants is not critical to this invention. In general, transformed plant 
cells are cultured in an appropriate medium, which may contain selective agents such 
as antibiotics, where selectable markers are used to facilitate identification of 
transfonned plant cells. Once callus forms, embryo or shoot formation can be 
encouraged by employing the appropriate plant hormones in accordance with known 

15 methods and the shoots transferred to rooting medium for regeneration of plants. The 
plants may then be used to establish repetitive generations, either from seeds or using 
vegetative propagation techniques. 

The constructs of the present invention can be introduced into plant cells using 
20 Ti plasmids, Ri plasmids, plant virus vectors, direct DNA transformation, micro- 
injection, electroporation, etc. For reviews of such techniques see for example 
Weissbach and Weissbach, Methods for Plant Molecular Biology, Academy Press, 
New York VUI, pp. 421-463 (1988); Geierson and Corey, Plant Molecular Biology, 
2d Ed. (1988); and Miki and Iyer, Fundamentals of Gene T ransfer in Plants. In Plant 
25 Metabolism, 2d Ed. DT. Dennis, DH Turpin, DD Lefebrve, DB Layzell (eds), 
Addison Wesly, Langmans Ltd. London, pp. 561-579 (1997). The present invention 
further includes a suitable vector comprising the chimeric gene construct. 

The above description is not intended to limit the claimed invention in any 
30 manner, furthermore, the discussed combination of features might not be absolutely 
necessary for the inventive solution. 
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The present invention will be fiirther illustrated in the following examples. 
However it is to be understood that these examples are for illustrative purposes only, 
and should not be used to limit the scope of the present invention in any manner. 

5 Example 1: Localization of Ltpl Expression 



In order to isolate genes which are functional in aleurone of developing and 
germinating wheat grain, a barley cDNA probe of an aleurone specific lipid transfer 
protein gene (Ltpl,) was used to indicate activity of similar genes in wheat aleurones 
10 during seed development. Northern blot analyses using a DIG -labelled barley cDNA 
probe showed that Ltp transcripts were present in aleurone tissue 20 dpa (Figures 1 (a) 
and 1(c)). No activity was detected in early wheat grain development, 10 dpa (Figure 
1(b) but could be detected in Tturgidum (Fig. 1(d)). 

15 In situ hybridization (based on a modification of the procedure outlined in Cox 

and Goldberg. 1998, Analysis of Plant Gene Expression, In Plant Molecular Biology. 
A Practical Approach, pp. 1-34) performed on cross sections of developing and 
germinating grain showed that Ltp expression was limited to aleurone cells. A Ltp 
antisense ribo-probe hybridized strongly to aleurone cells (Figure.2 (a)), whereas no 

20 differential hybridization was observed with the sense RNA probe (Figure 2 (b)). Ltp 
expression was observed throughout grain development after 18 dpa and during 
germination up to 73 h post-imbibition at which time the endosperm was depleted. No 
hybridization was observed in developing endosperm, embryo or pericarp tissues (data 
not shown). 

25 

Example 2: Genomic DNA of LtpWl 

Genomic DNA was isolated from young leaf tissue of hexaploid wheat, 
(T.aestivum) and digested with Xbal. When this DNA was analysed by Southern blot 
30 using standard procedures and a DIG-labelled barley Ltp cDNA probe, three loci for 
the Ltpl gene (at 1.5, 6.0, and 7.0 kb) were detected. The copy corresponding to the 
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1 .5 kb Xbal band was cloned by screening a X long C phage library of size-restricted 
Xbal fragments with a barley Ltpl cDNA probe. 



LtpWl refers to the Ltp gene contained within the 1.5 kb Xbal digested T. 
5 aestivum genomic clone, the sequence of which is shown in SEQ ID NO: 4 (also see 
Figure 3). 

The coding sequence of LtpWl shares 85% DNA identity with the barley Ltpl 
(Figure 4 (a)), includes a 26 amino acid transit peptide for cell wall localization of the 

10 protein, and has one predicted 88bp intron which is 44 bp shorter than the equivalent 
barley intron. The nucleotide sequences LtpWl and barley Ltp 1 promoter (Linnestad 
1991) are well conserved for approximately 140 bp upstream of the ATG start codon 
whereupon they diverge considerably (Figure 4 (a)). The conserved promoter region 
includes the putative cap and TATA sites but not the proposed CAT site or other 

15 regulatory elements (see Figures 3, and 4 (a)). 

The nucleotide sequence of the LtpWl regulatory region exhibits little or no 
identity with the barley Ltp2 promoter (Figure 4 (b)). The LtpWl regulatory region 
was shown to be active in aleurone of developing and germinating cereal grain which 
20 is uniquely different from the barley Ltp2 promoter which is only active during grain 
development but not during germination (Kalla et al 1994). 

Example 3: Expression of GUS under the control of LtpWl aleurone regulatory 
regions. 

25 

p687LtpWl.GUS 

A 687 bp Xbal/BcH regulatory region fragment (SEQ ED NO: 1; FigureS) was 
subcloned from pLtpWl and fused to a GUS promoterless reporter cassette (pLC- 
30 GUS). pLC-GUS was obtained by removing the 35S promoter as a Sacl fragment 
from pZOlOie (designated p35S-GUS herein), which was a gift from R- Sinibaldi, 
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Sandoz, Ca. A 687 bp Xbal/BcH fragment was isolated from pTALPl (containing the 
1.5 kb Xbal-digested T. aestivum genomic clone) and the sticky ends were fiUed-in 
with Klenow fragment of DNA polymerase. This fragment was blunt-end ligated into 
the Smal site of pLCGUS (see Figure 5(d)), and the orientation of the insert was 

5 checked by digesting with BamHl. The activity of this regulatory region was 
compared with that of the promoteriess construct (pLC-GUS) as well as to constructs 
comprising constitutive CaMV35S and rice action promoters (see Figures 6 (a) and (b), 
respectively). These constructs were used for comparison of promoter activities. The 
35S promoter is described in: Odel, J.T., Nagy, F. and Chua N-H (1985) Nature 

10 313:810-812. The rice actin promoter is described in: McElroy D., Zhang, W. Cao, 
J. and Wu, R. (1990) Plant Cell 2:163-171. 

These constructs were introduced into the aleurone of cereal grains by 
microparticle bombardment using standard methods. LUC and GUS constructs ware 
15 co-bombarded in equimolar amounts and GUS is expressed relative to LUC to 
mimmize variability between reps (shots). LUC activity serves as an internal control 
for the shot to shot variability. 



Tissues, 48 h post-bombardment, were incubated in reaction buffer containing 
20 50mM NaH2P04 (pH 7.0), 10 mM EDTA and 1 mM 5-bromo-4-chloro-3-indolyl-B- 
glucoronide (X-Gluc), 0.5mMK3[Fe(CN)J, 0.5 mMK4[Fe(CNJ at 37*^C for 4-20 h. 
A blue precipitate in the bombarded cells indicates activity of B-glucoronidase. The 
regulatory region gave high expression of GUS in histological transient assays with 
wheat aleurones (Figure 7(a)). Activity was also demonstrated in maize and barley 
25 aleurones (Figure 7(b) and (c)) The 687 bp regulatory region fragment showed no 
activity in leaf, root or coleoptile tissues of wheat (data not shown). 

In quantitative expression assays in wheat aleurone the 687 bp regulatory region 
had 3.4% of the activity of the constitutive 35S promoter (Table 1). This 
30 underestimates the relative aleurone-directed activity of the LtpWl regulatory region 
because of additional endosperm-derived activity of the constitutive 35S promoter. 
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Table 1: Activity of p687LtpWl in 12 dpa wheat aleurone 



Construct 


Luciferase 
(inv/sec/mg 
protein) 


GUS 
(pmol MU/min/mg 
protein) 


GUS/LUC 


%35S 
Activity 


Au 


2001 


0 


0 




pLC-GUSVp35S-LUC 


2100 


0 


0 




p35S-GUS/p35S.LUC 


3400 


30072 


8.84 




p687LtpWl-GUS/p35S-LUC 


4200 


1247 


0.3 


3.4 



10 1 : mean of three sets of bombardments 
2: promoterless construct 

P473LtpWl-GUS 

15 

A truncated version of the LtpWl regulatory region (see SEQ ID NO:2; 
nucleotides -473 to -1 of Figure 3; or nucleotides 214-687 of SEQ ID NO:l) was 
prepared by digesting pTALTPl with HincII and Bell, and the resulting 0.47kb 
fragment (after treatment with Klenow) was ligated into the Smal site of pLC-GUS. 
20 Orientation of the insert was checked by digesting the resulting recombinant plasmid 
with BamHl. The construct (p473LtpWl-GUS) thus obtained showed 8.8% and 
12.2% activity of the constittitive 35S and rice action promoters, respectively (pAct- 
GUS was a gift from Ray Wu at Cornell). See Table 2 for results. 
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Table 2: Activity of p473LtpWl in 12 dpa wheat aleurone 





Construct 


Luciferase 
(mv/sec/mg 
protein) 


GUS 
(pmol MU/min/mg 
protein) 


GUS/LUC 


%35S 
Action Activity 


5 


Au 


2001 


0 


0 






pLC-GUSVp35S-LUC 


1300 


0 


0 






p35S-GUS/p35S-LUC 


3500 


8077 


2.31 






pAci.GUS/p35S-LUC 


3300 


5524 


1.67 




10 


p473LtpWl -GUS/p35S- 
LUC 


3200 


651 


0.2 


8.8 12.2 



1: mean of three sets of bombardments 
2: promoterless construct 

When compared within a single experiment, the 473 bp fragment was 170% as active 
as the 687 bp fragment (Table 3). 
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Table 3: Activity of p687LtpWl, p473LtpWl, and p206LtpWl in 7 dpa wheat 

aieurone 



Construct 


Luciferase 


GUS 


GUS/LUC 


%35S 




(mv/sec/ 


(pmol MU/min/mg 




Activity 




mg/proiein) 


protein) 






pLC-GUSVp35S-LUC 


97001 


120 


O.Ol 


0.1 


p35S-GUS/p35S-LUC 


2300 


18305 


7.96 




n206UpW 1 .GUS/p35S-LUC 


7900 


1781 


0.23 


2,9 


p473LtpWl -GUS/p35S-LUC 


6800 


2399 


0.35 


4.4 


p687LtpWl.GUS/p35S-LUC 


5100 


1090 


0.21 


2.6 



10 

1 : mean of three sets of bombardments 
2: promoterless construct 



P206LtpWl-GUS 

15 

To generate p206LtpWl-GUS, pTALTPl was digested with Bell, then with 
Hindlll, and the 0.2 kb fragment was isolated from a gel and purified. The sticky ends 
were filled in with Klenow and the resultuig fragment was ligated into the Smal site 
of pLC-GUS. Neither the 687 bp or 473 bp regulatory regions was active in leaf tissue 
20 but the 206 bp Hinll/Bcll truncated regulatory region (SEQ ID NO: 3 ; nucleotides -206 
to -1 of Figure 3; nucleotides 481-687 of SEQ IDNO.l) had 7.5% the activity of the 
35S promoter in leaf (Table 4). 
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Table 4: Activity of p687LtpWl, p473LtpWl, and p206LtpWl in wheat leaf 

tissue 



Construct 


Luciferase 


GUS 


GUS/LUC 


%35S 




(v/sec/mg/ 


(pmol MU/min/mg 




Activity 




protein) 


protein) 






pLC-GUSVp35S-LUC 


2001 


1.6 


0.007 


0.7 


p35S-GUS/p35S-LUC 


200 


204.3 


1.02 




p206LtpWl-GUS/p35S-LUC 


200 


15.3 


0.077 


7.5 


p473LtpWl-GUS/p35S-LUC 


700 


1.3 


0.002 


0.2 


p687LtpWl-GUS/p35S-LUC 


700 


1.7 


0,002 


0.2 



1 : mean of three sets of bombardments 
2: promoterless construct 

15 

Similarly, in wheat scutellum tissue, only the 206 bp regulatory region fragment 
was active (Table 5) with activities of 11.4% of 35S and 8.5% of rice actin promoters. 
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Table 5: Activity of p687LtpWl, p473LtpWl, and p20<»LtpWl in 20 dpa 

wheat scutelium tissue 



Construct 


Luciferase 


GUS 


GUS/LUC 


%35S 




(v/sec/mg/ 


(pmol MU/min/mg 




Action Activity 




protein) 


protein) 






pLC-GUSVp35S-LUC 


13001 


37 


0.028 


0.23.0.17 


p35S-GUS/p35S-LUC 


400 


4873 


12.182 




pAci-GUS/p35S-LUC 


400 


6530 


16.325 




p206LtpWl-GUS/p35S-LUC 


100 


139 


1.39 


11.41, 8.51 


p473LtpWl-GUS/p35S-LUC 


200 


2 


0.01 


0.08, 0.06 


p687LtpWl-GUS/p35S-LUC 


200 


6 


0.03 


0.24, 0.18 



1: mean of three sets of bombardments 
2: promoterless construct 

15 

Thus the nucleotide sequence between 206 bp and 473 bp determines the tissue and 
stage dependent regulation of the LtpWl regulatory region. 

20 Collectively, these data indicate that: 

i) nucleotides 1-214 and 215-481 of SEQ ID NO:l are responsible for imparting 
tissue specificity within this regulatory region. Removal of either of these regions 
from the full length regulatory region results in greatly reduced tissue specificity (Table 

25 4). 

ii) the region comprising nucleotides 1-481 of SEQ ID NO: 1 is responsible for 
regulating the strength of regulatory region activity, and includes both silencer- and 
enhancer-type activities: 
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iii) the fragment comprising nucleotides 214-481 of SEQ ID NO:l exhibits 
enhancer-like activity as constructs comprising this region (e.g. p473LtpWl) resulted 
in increased expression when compared with either the full length regulatory region 
(p687LtpWl), or the truncated regulatory region p206LtpWl (see Table 3). Similarly, 
nucleotides 482-687 also exhibit enhancer-type activity, since constructs comprising 
this region (p206LtpWl) exhibited higher levels of expression than the ftill length 
regulatory region; 

iv) the fragment comprising nucleotides 1-214 comprises silencer-type elements as 
constructs comprising this region (e.g. p687LtpWl) result in lower levels of expression 
compared with the levels of expression obtained with either of the truncated regulatory 
region constructs, p206LtpWl, or p473LtpWl (see Table 3); 

v) the 206 bp version of the LtpWl regulatory region represents a novel, 
constitutive promoter, for monocotyledonous plants 

Because of the relatively superior activity of the 473 bp fragment in aleurone 
tissue (Tables 1, 2 and 3), this version was used for transformation of maize. 

Example 4: Preparation of transgenic plants of Zea mays 

To verify that the 5' flanking sequence from the genomic clone LtpWl 
contained the regulatory sequences required to confer expression in aleurone cells, the 
473 bp LtpWl /GUS fusion was co-bombarded with a bialaphos selectable plasmid 
(pAHC25) into embryogenic cultures of maize. Transgenic calli were selected on 
bialaphos media and transgenic plants regenerated. The transgenic plants were screened 
for GUS activity. The 473 bp LtpWl regulatory region directed the expression of GUS 
only in the aleurone layer of developing and germinating transgenic maize kernels 
(Figure 6). 



BNSOCCIO: <WO ^0l2729eA1^IA> 



WOCn/027296 ^ ^ PCT/CAOO/01185 

Example 5: Stable expression of a gene of interest in monocots under the control 
of p206LptWl (TAP). 



Several lines of corn were transformed via particle bombardment as described 
5 above with a p206Ltp-OXO construct (Fig. 10) which generates oxalate oxidase 
reporter activity (Byron Lane et al., J.Biol, Chem. 1991, 266:10461-10469). This 
construct also contains an intron, for example the IVS6 intron.or the first intron from 
the actin gene. Plants were also transformed with oxalate oxidase under the control 
of the strong monocot rice actin promoter (McElroy D. , Zhang, W. , Cao, J . , and Wu, 
10 R. 1990. Plant Cell 2:163-171). Plant tissues were harvested and assayed for oxalate 
oxidase activity. Plants comprising the oxalate oxidase transgene under the control of 
p206LtpWl exhibited substantially higher activity than the non-transformed CK44 line. 
Line 13-1-5 expressed at 95% of the level obserevd in a line homozygous for the 
oxalate oxidase transgene. under the control of the rice actin promoter (Fig. 10). 

15 

Example 6: Activity of p206Lpt (TAP) in dicotyledons 

The activity of the 206 bp Hinll/BcII truncated regulatory element (TAP; SEQ 
ID N03; Figure 3) was also examined within dicotyledonous plants to determine 

20 whether this regulatory element is active within these plants. Constructs comprising 
GUS in operative association with TAP (p206LptWl) were prepared as ouUined in 
Example 3, however, an intron (either the IVS6 or actin intron) was included. These 
constructs were introduced into several dicotyledonous plants using particle 
bombardment as outlined in Example 3. A chimeric construct comprising TAP 

25 (p206LptWl), linked with the BstYl fragment of T1275, an enhancer element obtained 
from tobacco (see US 5,824,872, which is incorporated herein by reference), and in 
operative association with GUS, was also examined. The activities of the constructs 
comprising the p206Lpt (TAP) regulatory region was compared with the activity of the 
strong monocot rice actin promoter (McElroy D., Zhang, W.. Cao, L, and Wu, R. 

30 1990. Plant Cell 2:163-171). The results are present in Table 6. 
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Table 6. Activity of p-2n/?LtpWl-Gl^S in leaf tissue of dicotyledonous plants and 
regulation by an enhait!;.er element, BstYl' 







Gus Positive Foci per Shot 


Plasmid 


Soya 


Brassica 


Nicotiana 


Au* 


1 


0 


0 


pAct-GUS 


0 


0 


6 


p206LtpWl-GUS 


3 


123 


48 


pBstYl-206LtpWl-GUS** 


133 


91 


155 



*Mean of three bombardments, assayed 48 hours post-bombardment. 
* Au is a gold control, no added DNA. 

** BstYl is the -394 to -62 fragment of T1275 regulatory region (US 5,824,872). 



The rice actin monocot expression vector (pAct-GUS) had no activity in Soya 
and Brassica and low activity in Nicotiana leaves. However, the 206LtpWl 
regulatory region was active in Soya, Brassica and Nicotiana and exhibited 
substantially greater activity than the actin promoter in Brassica and Nicotiana. 

These results indicate diat the truncated LtpWl regulatory region, 206LtpWl 
(TAP; SEQ ID NO 3) is subject to regulation by chimeric enhancer fragments such as 
the BstYl element of T1275 (US 5,824,872 ). The 206LtpWl regulatory region with 
the BstYl enhancer element had uniforaily high activity in the dicotyledonous plants 
investigated. 

Collectively these results indicate that the truncated regulatory region, p206Ltp, 
is active in a range of monocot and dicot plants, and its regulatory activity may be 
modulated in the presence of other exogenous regulatory elements. 

Example 7: Deletion and mutational analysis of p206Lpt (TAP) 



.012729eAtJA> 
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Preparation of constructs 

A series of deletions, mutations, substitutions and additions within the TAP 
regulatory region were prepared to further characterized this region and its activity 
within both dicots and monocots. 

5 

1) TAP 206 deletion series: 

The DNA sequences specified below were amplified by PGR and subcloned into 
vector p206 TAP-GUS (Figure 12(A); -206TAP). The existing restriction 

10 endonucleases EcoRl and Ncol were used to excise the 206TAP-intron region from the 
promoter sequence. The p206 TAP-GUS sequence was used as template for each PGR 
reaction to generate a deletion series TAP 150, TAP 140, TAP 130. TAP 120,TAP 
110, TAP 100, and TAP 50. A GUS antisense (GUS AS) primer and matching TAP 
targeted sequence to which EcoRl and Kpnl restriction endonucleases were added was 

15 used to generate TAP deletion sequences with an exception of TAPUO in which 
EcoRl and Nsi restriction sites were used . PGR product was digested with EcoRl /Ncol 
and subcloned into the vector (p206TAP). 



2Q6 deletion series primers : (Restriction endonuclease sites underlined) 



TAP 150 
TAP 140 
TAP 130 
TAP 120 
25 TAP 110 
TAP 100 



TTT GAATTC GOT ACC TCC ACQ CAT CTC TCG CTC G (SEQ ID NO:27) 
TTT GAATTC GOT ACC CGC ATC TCT CGC TCG AAC (SEQ ID NO:28) 
TTT GAA TTC GGT ACC GCT CGA ACC CCT ATT TAA (SEQ ID NO:29) 
TTT GAATTC GGT ACC CTA TTT AAG CCC CTC CC (SEQ ID NO:30) 
TTT GAATTC ATG CAT CCC TCC ATT CTT CCC TAG (SEQ ID NO:3 1) 
TTT GAATTC GGT ACC TTC CCT ACA TTC TCC ACA CAA CC (SEQ ID NO:32) 



TAP 50: TTT GAATTC GGT ACC ATC ACT ACQ TAA TAG GGT GC (SEQ ID NO:33) 
GUS AS: TCA CGG GTT GGG GGT TCT AC (SEQ ID NO:34) 
-130 to -12Q/-113 to -116 mutation 
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This mutation was prepared as the -113 to -116 region was observed to be AT 
rich, therefore, this region was modified to determine the effect of this sequence on 
TAP activity. In order to introduce the modifications into this region, other restriction 
sites were introduced in the -120 to -120 region as described below. 

The mutation was generated by PGR in two steps: 

1. The first PGR primers (I) contained GUS antisense (GUS AS) and llOTAP with 

EcoRl/Nsi ends as follows: 
5' — TT GAA TTC ATG CAT GAG TAT ATA GGG GGT GG— 3' (bold = 
EcoRl and Nsi respectively; SEQ ID NO: 35) 

2. The second primers (11) were 120TAP antisense with Pst end + M13 forward 



5 — 'TTTT CTG GAG G GG TTG GAG GGA GAG ATG GG 3' (bold = Psth 

SEQ ID NO: 36) 

The PGR products from primers I and II were excised with NsWNcol and 
PstlEcoRl respectively and ligated. The resulting EcoRl/Ncol construct was 
subsequently subcloned into p206TAP digested with NsilNco. The resultant construct 
comprised the dicot TATA consensus sequence along with extra nucleotides associated 
with the introduction of the Pstl and Nsi restriction sites. 

■120 to -80 deletions 

The deletion was generated by PGR in two steps. 

1. The first PGR product was generated by GUS antisense primer (GUS AS) and 
matching sequence of -80TAP with Nsi restriction endonuclease as follows: 

5 — 'TTT ATG CAT AGG AGG AGT TGG TGA TGT GG~3' (bold = Nsii\ 
SEQ ID NO:37) 
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2. The second primers were -120TAP antisense (as described above) + M13 forward 



The PCR products obtained from 1 and 2, above were digested with Nsi and 
Pst, respectively and ligated. The resulting construct was excised v/ith EcoRl/Nco and 
subcioned into p206TAP. 

2) Preparation of new TAP regulatory region constructs 

A series of mutations within the TAP nucleotide sequence were prepared (TAP 
1- TAP 5; see Figures 13(A) and (C)) by PCR using primers prl-5 and the pr6 as the 
primers (listed in Table 7) and the plasmid -206TAP-GUS as the template. The PCR 
product was digested with Ncol and Kpnl, and the resulting fragment was used to 
replace the Ncol and IQ)nl fragment in -206TAP-GUS. 

Chimeric TAP constructs 

To generate GCC(4)TAP and G(5)TAP constructs (see Figure 13(B)), a 46-bp 
fragment: 

AATT GCCGCC ACTA GCCGCC GACCGA GCCGCC AAGAGCCGCCAGCT (SEQ ID NO: 38) 
containing four GCC boxes (GCCGCC), or a 54-bp fragment: 

AAT TGCCGCCA CGT GCCGCC ACGTGCCGCCACGTGCCGCCACGTQCgGCCAGCT (SEQ ID 
NO: 39), 

containing five G-boxes (GCCGCCACGT) was ligated into the EcoRL and Pstl site 
located upstream of the -206TAP-GUS construct. 

The (BST2)TAP constructs (Figure 13(B)) were generated by PCR using pr7 
and pr8 (Table 7) as the primers and the -394 to -62 fragment of T1275 regulatory 
region (see US 5,824,872) as the template. The PCR product was digested with EcoRl 
and Sad, and the resulting fragment was ligated into the EcoRl and Pstl site located 
upstream of the -206TAP-GUS construct. 



PCR. 
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Table 1. Oligonucleotides used in PGR to create constructs 
Primer Sequence 



5 pr 1 ctaggatcca atccttcgga agggaaaaag (SEQ ID NO: 1 4) 

pr2 agcttgggcc ceaa ggatcc agggaaaaag aaaaaggggt c (SEQ ID NO: 1 5) 

pr3 agcngggcc atccttcgga ggatccccct aaaaaggggt cctgctgcac (SEQ ID NO: 16) 

pr4 agcttgggcc atccttcgga agggaaaaag cccggatccg cctgctgcac cagcgactaa (SEQ ID NO: 17) 

prS agcttgggcc atccttcgga agggaaaaag aaaaaggggt aagtg^tcc cagcgactaa 

10 accatccacg (SEQIDN0:18) 

pr6 atalaagcmggggtttctacaggacg (SEQ ID NO: 19) 

pr7 cggaattcgaaagcttgcatgcctgcagg (SEQ ID NO:20) 

pr8 aattgagctcatgcatggatcaaaaggggaaac (SEQ ID NO:21) 



15 

Preparation of test material and transient assay analysis 

Corn type II callus was grown in vitro in N6 basal salt medium ( Sigma USA 
) supplemented with 1 .4 g/1 proline, 0.7 g/1 aspergine, 0.3g/L glutamine, 1.0 mg/1 2,4- 
20 D, B5 vitamins (Gamborg, O.L, et al. (1968), J. Exp. Res. 50, 151-158) and 2% sucrose 
w/v, (pH 5.8). The petri dishes were kept in dark at 22^C and the growth medium was 
replaced with fresh medium at interval of 3-4 weeks. The calli were transfer to fresh 
growth mediimi at least 5-7 days prior to gene transfer via particle gun delivery 
system. 

25 

Fresh callus tissue for bombardment was placed on Icm^ filter paper on callus 
growth medium as described above. 2.5ug of test plasmid and luciferase DNA was 
precipitated onto gold microprojectiles using 25uL microprojectile solution (1.78mg 
of luM gold in 25 ul glycerol). 25uL of 2.5M calcium chloride and lOuL of lOOmM 
30 spermidine, rinsed with ethanol and re-suspended in 40uL of 100% ethanol. lOuL of 
solution was spotted onto the center of each macrocarrier and used to shoot callus 
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tissue using 1 100 psi rupture disks in the PDS-1 000 BioRad Gene Gun. The callus was 
kept in dark at 22 C for 48hours prior to GUS assay. 

To assay GUS activity the callus was harvested and frozen in liquid nitrogen. 
; The tissue was ground in extraction buffer containing of 100 mM Potassium phosphate 
(pH 7.8), 1 mMl,2-diaminocyclohexane-N,N.N,N-tetraacetic acid. 10% glycerol, 
0.5% Triton X-100 and 7 mM 2-mercaptoethanol. The extract was homogenized for 
1 minute using a hand held homogenizor and centrifuged for 15 min at 4°C and the 
supernatant was used for GUS assays. 



10 



For fluorometric GUS assays (Jefferson, R.A. (1987) Plant Mol. Biol. Rep. 5: 
387-405), 170 tiL of the crude extract was incubated at 37 °C with 1 mM 4- 
methylumbelliferyl glucuronide in 0.3 mL of GUS assay buffer (50 mM NaP04, pH 
7.0, 10 mM EDTA, 0.1% [v/v] Triton X-100, 10 mM P-mercaptoethanol). After 0, 
15 0.5, 1 and 2 h of incubation, 0. 1-mL aliquots were removed and added to 1.9 mL of 
0.2 M Na^CO, to terminate the reaction. GUS activity was expressed as picomoles of 
4-methylumbelliferone per milligram of protein per minute. 

For histochemical GUS assay, tissue was incubated in a 0.5 mg/ml solution of 
20 5-bromo-4-chloro-indolyI p-D-glucuronide in 100 mM sodium phosphate buffer, pH 
7.0, infiltrated in a vacuum for half an hour and incubated at 37''C overnight. 
Following the incubation, tissue was washed in 70% ethanol. 

For luciferase assays, 20 /tl of cell extract was placed in a luminometer cuvette, 
25 and then 200 fil of luciferase assay buffer (25 mM Tricine, pH 7.8, pH 7.8. 15 mM 
MgCl,. 5 mM ATP, and 1 mg/ml BSA) was added. The mixture was allowed to 
equilibrate to room temperature (about 15 min). Placement of the cuvette in the 
counting chamber of a luminometer automatically activated the machine and 100 ^1 of 
500 fiM luciferin was injected into the cuvette to start the reaction. The emitted 
30 photons were integrated over a 10-s period and expressed as relative light units/10 s. 
Correction for differences in sample variability and transfection efficiency was done 
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by normalization of the GUS activity with luciferase activity in the light unit, yielding 
the GUS to luciferase ratio of each sample. 

Wheat callus production was induced by placing 14 - 20 day old embryos of the 
variety SuMais 3, embryo side down on callus induction Murashige and Skoog (MS) 
medium(Murashige and Skoog 1962) with 2,4-D, (Weeks J.T. e al. (1993). PI. Phys. 
102: 1077-1084; Weeks, J.T. (1995), Stable transformation of wheat by microprojectile 
bombardment. In: Gene transfer to plants. Eds. I Potrykus and G. Spangenberg. 
Springer, pp. 157-161). When significant callus production was observed within 5 to 
31 days these were crushed onto filter paper, 4 embryos per plate and transferred to 
fresh media in preparation for bombardment (Harvey, A., L. et al. (1990), Plant Cell 
Tissue and Organ Culture. 57:153-156). 

Tobacco leaves were harvested from in vitro cultures maintained on MS 
medium (Murashige, T and F. Skoog. 1962. Physiol. Plant. 15:473-497). Leaves 
selected for bombardment were of uniform size and colour which were then 
preincubated on MS medium containing NAA and BA overnight prior to bombardment. 

Construct DNA was extracted and purified, and each sample was diluted to a 
concentration of 1 /ig//xl for use in the bombardment protocol. Prior to bombardment 
tungsten particles were coated with transforming DNA by adding the following chilled 
sterile solutions in order 5 /xL DNA, 25 /xL 2.5 M CaClj and 5 fxh spermidine. Wheat 
callus and tobacco leaf tissue was bombarded with 2 /iL of the DN A/tungsten solution. 
The settings were 100 psi pressure for wheat and 150 psi pressure for tobacco with the 
tissue sitting at position 10 in the particle bombardment device (Brown et aL 1994, 
Buckley et aL 1995). 

Tissue was incubated in a growth chamber overnight following bombardment. 
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For histochemical analysis the tissue was covered with 3 mL GUS incubation 
buffer and left overnight in the dark at 37 ""C. Visual counts were made of positive 
GUS staining using a dissecting microscope. 

For fluorometric analysis tissue was collected and ground in liquid nitrogen 
and either stored at -80°C or immediately extracted folowing protocols modified from 
Gartland et al. (Gartland, M.A., et. al. (1995), Fluorometric GUS analysis for 
transformed plant material. In: Methods in Molecular Biology, Vol. 44:Agrobacterium 
Protocols. Eds:K.M.A. Gartland and M.R. Davey Hurnana Press Inc., Totowa NY. 
pp 195-199) and Vitha et al. (Vitha, S. Ket. al. (1993), BiologiaPlantarum 35(1): 151- 
155). Fluorometric readings were taken on a RF-Mini 150 Recording Fluorometer, 
and protein content was assessed using a Bradford assay read in the BioRad Model 
2550 EIA Reader. Fluorometric data was analysed using Lotus 123 and Microsoft 
Excel. 

Results from transient expression analysis of the constructs shown in Figure 
12(A) in com callus is shown in Figure 12(B). Deletions from -206 to about -110 of 
the TAP regulatory region did not have any appreciable effect of the activity of die 
p206Ltp regulatory region. However, the region between -100 and -110 (see GUS 
activity associated with the -110 TAP and -100 TAP constructs) was essential for high 
expression levels since deletion of this region resulted in a dramatic decrease in 
regulatory region activity as indicated by GUS analysis. Similar results were observed 
using a histochemical analysis of bombarded corn callus, where deletion of -100 to -50 
region resulted in no regulatory region activity (data not shown). 

Transient analysis of the -150 TAP, -100 TAP and -50 TAP deletion constructs 
in wheat culture is shown in Figure 14(A), and in tobacco culture is shown in Figure 
14(C). Analysis of the -150 TAP construct in wheat, along with two other mutations, 
-130 to -120/ -113 to -116 mutation, and the -120 to -80 deletion construct are shown 
in Figure 14 (B). In wheat, high levels of regulatory region activity are still observed 
with the -150 TAP construct (Figure 14(B)), while there is a dramatic decreased in the 
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activity of the TAP regulatory element with the removal of the -150 region as indicated 
with the activity associated with the -100 TAP construct compared with the -150 TAP 
construct (Figure 14(A)), or the -120 to -80 region (Figure 14(B)), suggesting that key 
regulatory elements reside within this region (i.e. the -150 to -100- region). The -1 13 
to -116 region is AT rich region, and substituting several bases within this region (as 
in the case of the -130 to -120/ -113 to -116 mutation construct; see above), resulted 
in a decrease in activity (Figure 14(B)). These results collectively indicate that the - 
150 to -100 region is required for TAP regulatory region activity in cereals, for 
example wheat and corn. 

Similar analysis of the deletion constructs in tobacco culture demonstrate that 
a significant amount of activity is associated with the -150 TAP, -100 TAP and the -50 
TAP constructs, and that there is no loss of activity with the removal of the -150 to - 
100, or -50 region. These data suggests that the sequence from -50, which includes 
the intron (see Figure 12(A); the intron used in these constructs is the ADH 156 
intron), exhibits regulatory region activity in dicots. 

Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) in wheat 
is shown in Figure 14(A). The TAP 1 to TAP 4 constructs all exhibit a large increase 
in activity when compared with the activity associated with the p206Ltp (TAP) 
construct. Similarly, chimeric regulatory elements comprising TAP and G(5), or 
(Bst)2 also exhibit an increase in regulatory region activity (Figure 14(A)). Collectively 
these results demonstrate that substitutions or additions to the Ltp regulatory region, 
preferably the p206Ltp region, result in increased activity when determined with a 
monocot plant. 

Analysis of the mutation constructs disclosed in Figures 13 (A) and (B) in 
tobacco is shown in Figure 14(C). The TAP 1 to TAP 5 constructs exhibit a 
significant and similar level of regulatory region activity. Chimeric regulatory 
elements comprising (Bst)2 TAP, GCC (4) TAP or G(5) TAP also exhibit significant 
regulatory region activity (Figure 14(C)). Collectively these results demonstrate that 
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substitutions or additions to the Ltp regulatory region, preferably the p206Ltp region, 
result in increased activity when determined with a monocot plant. 

All citations are herein incorporated by reference. 

The present invention has been described with regard to preferred 
embodiments. However, it will be obvious to persons skilled in the art that a number 
of variations and modifications can be made without departing from the scope of the 
invention as described herein. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OF PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. A regulatory element comprising, the nucleotide sequence of SEQ ID NO:3, 
or a fragment, mutation, or derivative thereof, or a nucleotide sequence that hybridizes 
to the nucleotide sequence of SEQ ID NO:3 under the follov^ing conditions: 
hybridization in 5XSSC and 50% formamide at 42^C; and washing from about 
0.5XSSC to about 0.2XSSC at 65 °C, and exhibits regulatory element activity. 

2. The regulatory element of claim 1, wherein said regulatory element exhibits 
constitutive activity. 

3. The regulatory element of claim 2, wherein said regulatory element is a 
chimeric regulatory element, comprising an exogenous regulatory element selected 
from the group consisting of an enhancer element and a silencer element, 

4. The regulatory element of claim 3, wherein said exogenous regulatory element 
is an enhancer element. 

5. The regulatory element of claim 4, wherein said enhancer element is selected 
from the group consisting of a 358 enhancer, an actin enhancer, a BstYl fragment of 
T1275, one or more GCC box elements, and one or more Gbox elements, 

6. A vector comprising the regulatory element of claim 1 in operative association 
with a gene of interest. 

7. A transformed plant cell culture comprising the vector of claim 6. 

8. A transgenic plant comprising the vector of claim 6, 

9. A transgenic seed comprising the vector of claim 6. 
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10 . The transgenic plant of claim 8 , wherein the plant is a monocoty ledonous plant. 

11. The transgenic plant of claim 8, wherein the plant is a dicotyledonous plant. 

12. A transgenic dicotyledonous plant comprising a gene construct, said gene 
construct comprising: 

i) the nucleotide sequence of SEQ ID NO: 3, or a fragment, mutation or 
derivative thereof, or a nucleotide sequence that hybridizes to the 
nucleotide sequence of SEQ ID N0:3 under the follov/ing conditions: 
hybridization in 5XSSC and 50% formamide at 42°C; and washing 
from about 0.5XSSC to about 0.2XSSC at 65 °C, wherein said 
nucleotide sequence exhibits regulatory element activity; and 

ii) a gene of interest in operative association with said nucleotide sequence. 

13. A regulatory element comprising, a nucleotide sequence selected from the group 
consisting of SEQ ID NO's:5 - 11 and 22-26 , or a fragment, mutation or derivative 
thereof, or a nucleotide sequence that hybridizes to a nucleotide sequence selected from 
the group consisting of SEQ ID NO's: 5-1 1 and 22-26, under the following conditions: 
hybridization in 5XSSC and 50% formamide at 42*'C; and washing from about 
0.5XSSC to about 0.2XSSC at 65°C, and exhibits regulatory element activity. 

14. The regulatory element of claim 13, wherein said regulatory element is 
687LtpWl, or a fragment or derivative thereof. 

15. The regulatory element of claim 13, wherein said regulatory element is 
473LtpWl or a fragment or derivative thereof. 
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16. A transgenic dicotyledonous plant comprising a gene construct, said gene 
construct comprising: 



i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutataion or derivative thereof, 
or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42 °C; and washing from about 0.5XSSC to about 
0.2XSSC at 65*'C, and exhibits regulatory element activity; and 
ii) a gene of interest in operative association with said nucleotide sequence. 



17. A transgenic monocotyledonous plant comprising a gene construct, said gene 
construct comprising: 



i) a nucleotide sequence selected from the group consisting of SEQ ID 
NO's: 5-11 and 22-26 , or a fragment, mutation or derivative thereof, 
or a nucleotide sequence that hybridizes to a nucleotide sequence 
selected from the group consisting of SEQ ID NO's: 5-11 and 22-26, 
under the following conditions: hybridization in 5XSSC and 50% 
formamide at 42 °C; and washing from about 0.5XSSC to about 
0.2XSSC at 65^*0, and exhibits regulatory element activity; and 
ii) a gene of interest in operative association with said nucleotide sequence. 



18. A method of expressing a gene of interest within a plant comprising: 



desired with the regulatory region of claim 1 to produce a gene 
construct; and 

ii) introducing said gene construct into said plant and allowing for 
expression of said gene of interest. 



19. The method of claim 18 wherein said plant is a monocotyledonous plant. 



operatively linking a gene of interest for which expression is 
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20. The method of claim 18 wherein said plant is a dicotyledonous plant. 
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•SEQIDNO:! (687 bp) > 
-688 TCTAGAGAAAGAGTTTTAGACCGGAGGTATTTGTTAGGAAGTACTTCTTGCCATACTAGT 

^28 TTCAATAAAGTAGCTTGAAAAGACATTTGTTAAGCAACCATGTGTTTTTAATATGAAGAT 
568 CCTCAATACCGAGAGCCTTTGGTCCCATGG ^^^^ ^ ^ ^ 

-508 TTTTGTGTGTGTGTGGGTAAACTTCCCACTTGOTTAACCTATACTTCCGCTTATGTTCAT 
^8 CACTTTGCCAGAAAATTGCATATGTGAAGGAAGTGCCAATATTTAATACCGTCTGGTGTT 
-38S ATAAATTCATCTCCCAAAATTATTGGAGTTGAAGATTCACTTGAAAAAATAATTTGACAT 
-328 ATTAAAGATGTTGCCCTTGCGCGGGGTATCTGCAAATTGAGGATCCAAGGGACGATTGCA 

-268 TCCAGTTCTAAACACACCATTATGATTTCAGTGATAATGCATGCTT^^MGCCCAGCTG 
•SEQIDNO:3(206 bp)> 

-208 CAAGCTTGGGCCATCCTTCGGAAGGGAAAAAGAAAAAGGGGTCCTGCTGCACCAGCGACT 
-148 AAACCATCCACGCATCTCTCGCTCOAACCCC^^mGCCCCTCCATTCTTCCCTACAT 
-88 TCTC C4C4CA4C CACGAGTTGCTCATCTCTCCACCCAATCATCACTAGCTAATACGOTGC 
-28 An-rr^TT Art^TAr-Ar.Arr A Ar,A Ar,Tr,ATr ATrViCCCGCGCTCAGGTAATGCTCATGGCCCT 
33 CGCCTTGGTGCTCATGCTCrTCGGCGOTCCCGCGCGCTGCCGTGGCCATCGACTGCGGCCA 
93 CGTTGACAGCTTGGTGAGAC C r.TGCCTGAGCTACGTTCAGGGrrTrTrCCCGOCCCGTCTq</ 
153 GCAGTGCTGCGACGGCGTCAAGAACCTC C ATAACCAGGCGCGATCCCAGAGCGATCOCCA 
213 AAGCGCTTGCAACTGCCTCAAGGGGATC r^TCGTGGCATCCACAATCTCAACGAGGACAA 
273 CGCCCGCAGCATCCCCCCCAArrTGCGGTq TCAACCTCCCATACACCATCAOTCTCAACAT 
333 CGACTGCAGCAG GTGATTAATTCACATGCAAGCATATATATATGAACACTCATCCACGTA 
393 AAATTTATTGATATTAACATTAATCAAATCTTTGCACTGCAGGGTGTAATGCrGCGACGAT 
453 CCGTCAAGCTGGTGCTCAGCTCATCCATCCACGTGGAGTTGAAGCGCGCAGCCTCTATCC 
513 CTATGTAGTATGGTCACTAGTTATGCGAGTTTATACTGAATATGAATAAGAACTCTCTCC 
573 AGCTGGCTTGCTGOTACTCCTCTGGAGGAGATCAGTATCTGTGTACCTGAGAGTTGAGAG 
633 TTTGTACCATGGGCACTCCCAGTGTTTATGGACTTTAATACATACAACTCGTTCTGTTCA 
693 GCGTGTGACTTATCTTTGTTTCCTCACGTTCGCCTGTCATATACTCCTTCCATCCGGTAT 
753 TAGTTGGCGTTCAAACGGATATATCTAGA 

FIGURE 3 
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- S7 9 GTTTT AGACCGGAGGTATTTGTTAGGAAGTACTTCTTGCCAT ACTAGTTTCAAT AAAGT A 

III II II I t i I > > I 

-700 GTTTGATAACAAAGTAGTAAAAAAACTAAAGTATTAAAAACTGCAGTAATTTTACGTGTA 

-519 GCTTGAAAAGACATTTGTTAAGCAACCATGTGTTTTTAATATGAAGATCCTCAATACCGA 

I I Mill li I III I M llil II I 'III 

- 63 0 GAT AGAAAATACCATGGTTTTAATATAATAATATTTTTTGCAGTATTCACAATGTAGAGA 

-559 GAGCCTTTGGTCCCATGGATGACACAAAACT 

- 5 7 0 AACTGTTTGATT ACGCC ACAT ATT ACTGCAGTTTAGATCGAGCAAGT AC ACGGGAAGAAG 

-528 TCCCACTTGTTTTTTTTTTTTGTGTGTGTGTGGGTAAACTTCCCACTTGGT 

MINI I I I I M i II III ' ^ ' ' 

- 5 1 0 ATAACGACGTCCCACCCCTTCTTTTCGCCTTCTCTGTTTTTTAAAAAGAGGTCTGGGGTT 

-477 TAACCTATACTTCCGCTTATGTTCATCACTTTGCCAGAAAATTGCATATGTGAAGGAAGT 

lilt I II i I I > I ■ I ' 

- 4 5 0 AGTTTTTTCAAT ACTGCAGTTTT AAAATCACAATTCTT AGAGGCAACCAAAC ACCTCATT 

- 4 17 GCCAATATTTAATACCGTCTGGTGTTATAAATTCATCTCCCAAAATTATTGGAGTTGAAG 

I Hi! I I II mil I 

-390 GTAAATAAAACTATGATAATCTCCAAAACTGCAGTATTCTAAAAATACTAC 

-357 ATTCACTTGAAAAAATAATTTGACATATTAAAGATGTTGCCCTTGCGCGGGGTATCTGCA 

I I II II I I I I I I III I ' " 

-339 jy^Aj^TTCTTTGTTATCAAACAGGGCCTAAGGAGTTAAAAAAATTTAGCC 

-297 AATTGAGGATCCAAGGGACGATTGCATC CAGTTCTAAACACACCATTATGATTTC 

I I I II I I! i I I II I II Mil 

-289 GTAACTGAGACTCGGCGAGGCACCAGCAGCTAGCAGTCA.TCAACACT TGATGGT 

♦SEQ ID NO: 3 > 

-242 AGTGATAATGCATGCTTCCAAAGCCCAGCTGCAAGCTTGGGCCATCCTTCGGAAGGGAAA 

I . I I III I I I I I I II I 

- 2 3 5 TGGCAAAGGCGAGTCGACGTGTCGCGGGGCTCGGCCTGAGCGGGAGATACAATCTGTTCT 

- 1 8 2 AAGAAAAAGGGGTCCTGCTGCACCAGCGACTAAACCATCCACGCATCTCTCGCTCGAACC 

M Ml M II illlNII IMIIIinililMIM 

-175 CCAGTAACCCCGTCGATTTGGCCCGCCGACTAAAGCATCCAGGCATCTCTCGCTCGAACC 

-122 CCTATTTAAGCCCCTCCATTCTTCCCTACATTCTCCACACAACCACGAGTTGCTCATCTC 

Mini Mill Ml II UN ilMMMIMIl I II Ml INI • 

-lis CCTATTTAAGCCCCTCCATTCCTCCCAACATTCTCCACACCTCCACGAGTTGC • 

- S2 TCCACCCAATCATCACTAGCTAATACGGTGCACTGTTAGCTACAGACCAAGAAGTGATCA 

I I I I I I I I I I I I I i I M M II II I I M M I M I I I II M I M II M 
-53 TCATCACTAGCTAGTACGTTGTACTGTTAGCTACAGATTAAGAAGTGATCA 

2 TGGCCCGCGCTCAGGTAATGCTCATGGCCGTCGCCTTGGTGCTCATGCTCGCGGCGGTCC 

M I II I I II I! II I 1! I I I I II I II M II I I M M I ' ' I ' ' Uj^J-ir.^rrriiccc 
2 TGGCCCGCGCTCAGGTACTGCTCATGGCCGCCGCCTTGGTGCTGATGCTCACGGCGGCCC 

FIGURE 4a 
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62 CGCGCGCTGCCGTGGCCATCGACTGCGGCCACGTTGACAGCTTGGTGAGACCCTGCCTGA 

I M I I I I I I M I I I I I I II I II M I I II I i I I I M I! ! I III III I I I II I I 
62 CGCGCGCTGCCGTGGCCCTCAACTGCGGCCAGGTTGACAGCAAGATGAAACCTTGCCTGA 

122 GCTACGTTCAGGGCGGCCCCGGCCCGTCTGGGCAGTGCTGCGACGGCGTCAAGAACCTCC 

I I I II I I I I I I I I I i I I II i I I M II I M I I I II I I II I M II I I I I I I II 
122 CCTACGTTCAGGGCGGCCCCGGCCCGTCCGGCGAATGCTGCAACGGCGTCAGGGATCTCC 

18 2 ATAACCAGGCGCGATCCCAGAGCGATCGCCAAAGCGCTTGCAACTGCCTCAAGGGGATCG 

i II II II I II I I MM I MM M M I M II M II II M M M M I M I II M 
18 2 ATAACCAGGCGCAATCCTCGGGCGACCGCCAAACCGTTTGCAACTGCCTGAAGGGGATCG 

242 CTCGTGGCATCCACAATCTCAACGAGGACAACGCCCGCAGCATCCCCCCCAAGTGCGGTG 

MM II II M I I M M M M I I II M M II II II M II II M I I I M I II 

2 42 CTCGCGGCATCCACAATCTCAACCTCAACAACGCCGCCAGCATCCCCTCCAAGTGCAATG 

302 TCAACCTCCCATACACCATCAGTCTCAACATCGACTGCAGCAGGTGATTAATTCACATGC 

Mill I M II I M I M II I II I I M II II I M II II I 11 M M II I 
302 TCAACGTCCCATACACCATCAGCCCCGACATCGACTGCTCCAGGTGATTAAATTTACACT 

3 62 AAGC AT A TATAT ATGAAC 

II M I I M M II 

3 63 CATCCAGAGTGAAATCTTTAAAAAGAACTATATTTACGAACGGAGTGAGTATATAGGAAC 

38 0 ACTCATCCACGTAAAATTTATTGAT ATTAACATTAATCAAATCTTTGCA . CTGCAGGGTG 

i M i II 11 M II II II M M II I I II I M M I II I i I I I M I I I 

423 ATTCATCCACGTAAAATTTGTTGATATTAACATTAACACGCATGATTGACCTGCAGGATT 

4 4 0 TAATGGGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCCATCCACGTGGAGTTGAAGCG 

II M II II II II M M M M M II I II I I M II M I I I II II M II I II i i I I I II 
48 3 TACTGAGCGACGATCCGTCAAGCTGGTGCTCAGCTCATCGATCCACGTGGAGCTGAAGCG 

500 CGCAGCCTCTATCCCTATGTAGTATGGTCACTAGTTATG . CGAGTTTATACTGAATATGA 

M I M I M II II M i M I M II II M . M II M M I I M i I II II MM 
543 CGCAGCCTCTGTCCCT ATGTAGTATGGCTACCAGTTATGCCGAGTTTATGCTGA 

559 ATAAGAACTCTCTCCAGCTGGCTTGCTGGTACTCCTCTGGAGGAGATCAGTATCTGTGTA 

II II I I M II II I M M M M II M M II M I II II I M M 1 II I 

597 ATAAGAACTCTCTCCT GTACTCCTTTGGAGGAGATC AGTATCTATGTA 

619 CCTGAGAGTTGAGAGTTTGTACCATGGGCACTCCCAGTGTTTATGGACTT 

I M I M M II M II M M M II II M M M II II M II M I M M II 
645 C GTGAGAGTT GAGAGTTT GT ACC ATCGGC ACTCCCAGTGTTT AT GGACT A 
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- S8 1 AAAGAGTTTTAGACCGGAGGTATTTGTTAGGAAGTACTTCTTGCCATACTAGT . . TTCAA 
I i I II ii Mil II I II I I I I I 

- 8 2 2 AACCGTGGCCTAAAAATAAGCCGATGAGGAT AAATAAAATGTGGTGGTACAGTACTTCAA 

- 62 3 TAAAGTAGCTTGAAAAGACATTTGTTAAGCAACCATGTGTTTTTAATATGAAGATCCTCA 

I III 11 II 111 I i I I I I III 

-7 62 GAGGTTTACTCATCAAGAGGATGCTTTTCCGATGAGCTCTAGTAGTACATCGGACCTCAC 

-563 ATACCGAGAGCCTTTGGTCCCATGGATGACACAAAACTTCCCACTTGTTTTTTTTTTTTG 

II II I I I I M III I i I I I I I I i M 

-702 ATACCTCCATTGTGGTGAAATATTTTGTGCTCATTTAGTGATGGGTAAATTTTGTTTATG 

-503 TGTGTGT . . GTGGGTAAACTTCCCACTTGGTTAACCTATACTTCCGCTTATGTTCATCAC 

I I I I I I I I II III III 11 INI II 

-642 TCACTCTAGGTTTTGACATTTCAGTTTTGCCACTCTTAGGTTTTGACAAATAATTTCCAT 

- 4 4 5 TTTGCC AGAAAATTGCATATGTGAAGGAAGTGCCAATATTTAATACCGTCTGGTG 

ill I i I 11 I I I II II 

- 58 2 TCCGCGGCAAAAGCAAAACAATTTTATTTTACTTTTACCACTCTTAGCTTTCACAATGTA 

-3 90 TTATAAATTCATCTCCCAAAATTATTGGAGTTGAAGATTCACTTGAAAAAATAATTTGAC 

I I nil I 111 Mill M II I illMIII I I II 

-522 TCACAAATGCCACTCTAGAAATTC - TGTTTATGCCACAGAATGTGAAAAAAAACACTCAC 

- 3 3 0 AT ATTA AAGATGTTGCCCTTGCGCGGGGTATCTGCAAATTGAGGATCCAAGGGA 

nil Ml MM I III I I I II I 

- 4 63 TTATTTGAAGCCAAGGTGTTCATGGCATGGAAATGTGACATAAAGTAACGTTCGTGTATA 

-276 CGATTGCATCCAGT . . . TCTAAACACACCATTATGATTTCAGTGAT AATGCATGCTTCCA 

II n null i i n i i i i ii i 

- 4 0 3 AGAAAAAATTGTACTCCTCGTAACAAGAGACGGAAACATCATGAGACAATCGCGTTTGGA 

*SEQ ID NO: 3 > 

- 2 1 9 AAGCCCAGCTGCAAGCTTGGGCCATCCTTCGGAAGGGAAAAAGAAAAAGGGGTCCTGCTG 

III II II MM I I I Mill Mill M 

-343 AGGCTTTGCATCACCTTTGGATGATGCGCATGAATGG AGTCGTCTGCTTG 

-159 CACCAGCGACT AAACCATCCACGCATCTCTCGCTCGAACCCCTAXTTAAGCCCCTCCATT 

I I M M I I I III mill I II! 
-293 CTAGCCTTCGCCT ACCGCCCACTGAGTCCGGGCGGCAACTACCATCGGCGAACGACCCAG 

-99 CTTCCCTACATTCTCCACACAACCACGAGTTGCTCATCTCTCCACCCAATCATCACTAG . 

II 1 11 I nil I I I I I 11 I I I n 

-233 CTGACCTCTACCGACCGGACTTGAATGCGCTACCTTCGTCAGCGACGATGGCCGCGTACG 



-173 CTGGCGACGTGCCCCCGCATGCATGGCGGCACATGGCGAGCTCAGACCGTGCGTGGCTGG 

-40 CTAATACGGTGCACTGTTAGCTA 

II I 11 11 11 11 

-113 CTACAAAT ACGTACCCCGTGAGTGCCCTAGCT AGAAACTTACACCTGCAACTGCGAGAGC 

FIGURE 4b 
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- 1 7 C AGACCAAGAAGT GATCATG 

I I I I I I I 

-53 . GAGCGTGTGA.GTGTAGCCGAGTAGATCACCGTACGACGACGACGAGGGGCATG 
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a) 



p687LtpW1.GUS 



687 bp Lip 
5' region 



L.nos 3' 



GUS coding region 
(1800 tip) 



b) p473LtpW1^US 



473 bp Up ^.^J-"^* ^' 



GUS coding region 
(1800 bp) 



c) p206LtpW1-GUS 



GUS cod&tg /egion ^' 
2O6bpL0 (1800 bp) 

S' mgion 



In all three constructs, the ADH1S6 intron lies between 
The LtpWl promoter and the GUS coding region. 



d) pLC-GUS 
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GUS coding region 
(1800 bp) 
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FIGURE 6 
SUBSTITUTE SHEET (RULE 26) 



BNSDOCID: <WO ^0127296A1 JA> 




PCT/CA«(>/01185 



FIGURE? 



BNSDOCID: <WO 01Z729«A1.IA> 



SUBSTITUTE SHEET (RULE 26) 




BNSOOCtD: <WO ^Q12729eA1JA> 



FIGURES 



SUBSTITUTE SHEET (RULE 26) 



# 

1 1/18 



PCT/CA(M»/01t85 



O 

O ,_| 
T3 



o 
o 

cr 

T3 



CO 

o 
o 

cr 
■a 



o 
o 

cr 



o 
o 

cr 
■a 



o 
o 

o- 

73 



J 



Xba I 
Spe I 



Nco I 



Hinc II 

Nde I 
Ssp I 



BamH I 



Hind 



BssS I 



Bel I 



FIGURE 9 



SUBSTITUTE SHEET (RULE 26) 

BNSDCDCID: <WO 0127296A1 JA> 



wo 01/027296 



# 



12/18 



PCT/CAOO/01185 



EcoR1, Sad. Kpn1 
BamH1 
Sail 




Sacll.BamH1,Xba1.Sal1 



Pst1 



Bglll, Xba1 



0.25 



O 0.00 



FIGURE 10 




CK44 7-2-1 9-1-2 9-1-3 13-1-1 13-1-5 13-1-6 Act-oxo 

ToTransgenic Lines 
( p206LtpW1-OXO) 



FIGURE 1 1 



BNSDOCID: <WO 0ia7a9eA1JA> 



SUBSTITUTE SHEET (RULE 26) 



WO(n/«27296 PCT/CA0(>/011S5 

13/18 



TAP 5' Deletion Series 

-206 





• 150 



■140 



-130 



■120 



■no 



-100 



FIGURE 12A 



iniron 



mtron 



intron 



intron 



intron 



intron 



-50 



intron 



Lrr 



mtron 



GUS-nos 



GUS-nos 



GUS-nos 



GUS-nos 



GUS-nos 



GUS-nos 



GUS-nos 



GUS-nos 



-206 TAP 

-150TAP 
-140 TAP 
-130 TAP 

-120 TAP 
-no TAP 

-100 TAP 
-so TAP 



GUS expression of TAP deletion 
series in corn callus 



o 

• • 

CO 

o 



16 
14 
12 
10 
8 
6 
4 
2 
0 



-206 
TAP 



-150 
TAP 



-130 
TAP 



-120 
TAP 



-110 
TAP 



-100 
TAP 



X 



-50 
TAP 



FIGURE 12B 



SUBSTITUTE SHEET (RULE 26) 



.0127296A1JA> 



wo 01/027296 



14/18 



PCT/CA00/(H185 

• 



FIGURE 13A 



•206 



-206. 



MUIATION 1 



♦206 



MUlAnON 2 



-206 



MUTATION 3 



•206 



MUTATION 4 



-206 



GUS 



GUS 



GUS 



GUS 



GUS 



GUS 



TAP 

TAP! 

TAP2 

TAP3 

TAP4 

TAPS 



MUTATIONS 



FIGURE 13B 



»GCCf4T I- 



iGtSl 



■ Ssr ■ laa 



TAP 



TAP 



lAP 



GUS 



- 4 GUS 



GUS 



GCC(4) TAP 

G(5)TAP 

(Bst2)TAP 



FIGURE 13C 

a'gcttgggcc atccttcgga agggaaaaag aaaaaggggt cctgctgcac cagcgactaa accatccacg 

1 . ctaggatcca 

2. cgaaggatcc — 

3 ggatcc ccct 

4 cccggatccg 

5 aagtg^tcc- 



BNSDOCIO: <WO 012729aA1 JA> 



SUBSTITUTE SHEET (RULE 26) 



wo 01/027296 _ PCT/CAOO/01 185 

15/18 



2 06 TAP.seq 

caagcttggg ccatccttcg gaagggaaaa agaaaaaggg gtcctgctgc accagcgact 
aaaccatcca cgcatctctc gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

150 TAP 

aaaccatcca cgcatctctc gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

140 TAP 

cgcatctctc gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

130 TAP 

gctcgaaccc ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

120 TAP 

ctatttaagc ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

110 TAP 

ccctccattc ttccctacat 
tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

100 TAP 

ttccctacat 

tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct aatacggtgc 
actgttagct acagaccaag aagtgatc 

50 TAP 

atcactagct aatacggtgc actgttagct acagaccaag aagtgatc 
150 (-120 to -80 deletion) 

aaaccatcca cgcatctctc gctcgaaccc TGCAT accacgagtt gctcatctct 

ccacccaatc atcactagct aatacggtgc actgttagct acagaccaag aagtgatc 

150 (-130 to -120 / 113 -116 mutation) 

aaaccatcca cgcatctctc gctcgaaccc TGCATCA ctatAtaGgc ccctccattc 
ttccctacat tctccacaca accacgagtt gctcatctct ccacccaatc atcactagct 
aatacggtgc actgttagct acagaccaag aagtgatc 

Note: underline represents a Pstl/Nsil fusion site, bold is mutations 
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SEQUENCE LISTING 



GENERAL INFORMATION: 

(i) .APPLICANT: - 

(A) - NAME: John Sinutionds 

(B) STREET: 130 Amberwood Cres. 

(C) CITY: Nepean 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : K2E 7H8 

(A) N7>JyiE: Leslie Cass 

(B) STREET: 170 Grey Fox Dr. 

(C) CITY: Carp 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP): KOA ILO 

(A) NAME: Linda Harris 

(B) STREET: 6495 Wheat field Cres. 

(C) CITY: Greely 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP) : K4P 1E8 

(A) NAME: Sharon Allard 

(B) STREET: 3 9 Wigan Dr. 

(C) CITY: Nepean 

(D) STATE: Ontario 

(E) COUNTRY: Canada 

(F) POSTAL CODE (ZIP): K2E 6K9 

(ii) TITLE OF INVENTION: Wheat Aleurone Regulatory region 
(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIXJM TYPE: Floppy dis)c 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1-30 (EPO) 



INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 687 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(vii) IMMEDIATE SOURCE: 



(B) CLONE: LtpWl 



I (ix) 



FEATURE : 

(A) NAME/KEY: promoter 

(B) LOCATION: 1 . . 687 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



CTAGAGAAAG 


AGTTTTAGAC 


CGGAGGTATT 


TGTTAGGAAG 


TACTTCTTGC 


CATACTAGTT 


60 


TCAATAAAGT 


AGCTTGAAAA 


GACATTTGTT 


AAGCAACCAT 


GTGTTTTTAA 


TATGAAGATC 


120 


CTCAATACCG 


AGAGCCTTTG 


GTCCCATGGA 


TGACACAAAA 


CTTCCCACTT 


GTTTTTTTTT 


180 


TTTGTGTGTG 


TGTGGGTAAA 


CTTCCCACTT 


GGTTAACCTA 


TACTTCCGCT 


TATGTTCATC 


240 


ACTTTGCCAG 


AAAATTGCAT 


ATGTGAAGGA 


AGTGCCAATA 


TTTAATACCG 


TCTGGTGTTA 


300 


TAAATTCATC 


TCCCAAAATT 


ATTGGAGTTG 


AAGATTCACT 


TGAAAAAATA 


ATTTGACATA 


360 


TTAAAGATGT 


TGCCCTTGCG 


CGGGGTATCT 


GCAAATTGAG 


GATCCAAGGG 


ACGATTGCAT 


420 


CCAGTTCTAA 


ACACACCATT 


ATGATTTCAG 


TGATAATGCA 


TGCTTCCAAA 


GCCCAGCTGC 


480 


AAGCTTGGGC 


CATCCTTCGG 


AAGGGAAAAA 


GAAAAAGGGG 


TCCTGCTGCA 


CCAGCGACTA 


540 


AACCATCCAC 


GCATCTCTCG 


CTCGAACCCC 


TATTTAAGCC 


CCTCCATTCT 


TCCCTACATT 


600 


CTCCACACAA 


CCACGAGTTG 


CTCATCTCTC 


CACCCAATCA 


TCACTAGCTA 


ATACGGTGCA 


660 


CTGTTAGCTA 


CAGACCAAGA 


AGTGATC 








687 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 473 base pairs 

(B) TYPE: nueleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear • 

(ii) MOLECULE TYPE: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME/ KEY: promoter 

(B) LOCATION:!- .473 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



AACCTATACT 


TCCGCTTATG 


TTCATCACTT 


TGCCAGAAAA 


TTGCATATGT 


GAAGGAAGTG 


60 


CCAATATTTA 


ATACCGTCTG 


GTGTTATAAA 


TTCATCTCCC 


AAAATTATTG 


GAGTTGAAGA 


120 


TTCACTTGAA 


AAAATAATTT 


GACATATTAA 


AGATGTTGCC 


CTTGCGCGGG 


GTATCTGCAA 


180 


ATTGAGGATC 


CAAGGGACGA 


TTGCATCCAG 


TTCTAAACAC 


ACCATTATGA 


TTTCAGTGAT 


240 


AATGCATGCT 


TCCAAAGCCC 


AGCTGCAAGC 


TTGGGCCATC 


CTTCGGAAGG 


GAAAAAGAAA 


300 


AAGGGGTCCT 


GCTGCACCAG 


CGACTAAACC 


ATCCACGCAT 


CTCTCGCTCG 


AACCCCTATT 


360 


TAiilGCCCCTC 


CATTCTTCCC 


TACATTCTCC 


ACACA-^CCAC 


GAGTTGCTCA 


TCTCTCCACC 


420 


CAATCA'rCAC 


TAGCTAATAC 


GGTGCACTGT 


TAGCTACAGA 


CCAAGAAGTG 


ATC 


473 


(2) INFORMATION FOR SEQ ID NO: 3 
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(i) SEQUENCE CHArScTERISTICS : 

(A) LENGTH; 206 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME/KEY: promoter 

(B) LOCATION: 1. ,206 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
AGCTTGGGCC ATCCTTCGGA AGGGAAAAAG AAAAAGGGGT CCTGCTGCAC CAGCGACTA-A 60 
ACCATCCACG CATCTCTCGC TCGAACCCCT ATTTAAGCCC CTCCATTCTT CCCTACATTC 120 
TCCACACAAC CACGAGTTGC TCATCTCTCC ACCCAATCAT CACTAGCTAA TACGGTGCAC 180 
TGTTAGCTAC AGACCAAGAA GTGATC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE-: DNA (genomic) 

(vii) IMMEDIATE SOURCE: 
(B) CLONE: LtpWl 

(ix) FEATURE: 

(A) NAME /KEY: promoter 

(B) LOCATION :1. .687 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

TCTAGAGAAA GAGTTTTAGA CCGGAGGTAT TTGTTAGGAA GTACTTCTTG CCATACTAGT 60 

TTCAATAAAG TAGCTTGAAA AGACATTTGT TAAGCAACCA TGTGTTTTTA ATATGAAGAT 120 

CCTCAATACC GAGAGCCTTT GGTCCCATGG ATGACACAAA ACTTCCCACT TGTTTTTTTT 180 

TTTTGTGTGT GTGTGGGTAA ACTTCCCACT TGGTTAACCT ATACTTCCGC TTATGTTCAT 240 

CAC'ITTCCCA GAAAATTGCA TATGTGAAGG AAGTGCCAAT ATTTAATACC GTCTGGTGTT 300 

ATAAATTCAT CTCCCAAAAT TATTGGAGTT GAAGATTCAC TTGAAAAAAT AATTTGACAT 360 

ATTAAAGATG TTGCCCTTGC GCGGGGTATC TGCAAATTGA GGATCCAAGG GACGATTGCA 420 

TCCAGTTCTA AACACACCAT TATGATTTCA GTGATAATGC ATGCTTCCAA AGCCCAGCTG 4 80 



3/4 



4 J. 



SUBSTITUTE SHEET (RULE 26) 



' J. <WO ^012729eAlJA> 



wo 01/027296 



PCT/CAOO/01185 



CAAGCTTGGG CCATCCTTCG GAAGGGAAAA AGAAAAAGGG GTCCTGCTGG ACCAGCGACT 
AAACCATCCA CGCATCTCTC GCTCGAACCC CTATTTAAGC CCCTCCATTC TTCCCTACAT 
TCTCCACACA ACCACGAGTT GCTCATCTCT CCACCCAATC ATCACTAGCT AATACGGTGC 
ACTGTTAGCT ACAGACCAAG AAGTGATCAT GGCCCGCGCT CAGGTAATGC TCATGGCCGT 
CGCCTTGGTG CTCATGCTCG CGGCGGTCCC GCGCGCTGCC GTGGCCATCG ACTGCGGCCA 
CGTTGACAGC TTGGTGAGAC CCTGCCTGAG CTACGTTCAG GGCGGCCCCG GCCCGTCTGG 
GCAGTGCTGC GACGGCGTCA AGAACCTCCA TAACCAGGCG CGATCCCAGA GCGATCGCCA 
AAGCGCTTGC AACTGCCTCA AGGGGATCGC TCGTGGCATC CACAATCTCA ACGAGGACAA 
CGCCCGCAGC ATCCCCCCCA AGTGCGGTGT CAACCTCCCA TACACCATCA GTCTCAACAT 
CGACTGCAGC AGGTGATTAA TTCACATGCA AGCATATATA TATGAACACT CATCCACGTA 
AAATTTATTG ATATTAACAT TAATCAAATC TTTGCACTGC AGGGTGTAAT GGGCGACGAT 
CCGTCAAGCT GGTGCTCAGC TCATCCATCC ACGTGGAGTT GAAGCGCGCA GCCTCTATCC 
CTATGTAGTA TGGTCACTAG TTATGCGAGT TTATACTGAA TATGAATAAG AACTCTCTCC 
AGCTGGCTTG CTGGTACTCC TCTGGAGGAG ATCAGTATCT GTGTACCTGA GAGTTGAGAG 
TTTGTACCAT GGGCACTCCC AGTGTTTATG GACTTTAATA CATACAACTC GTTCTGTTCA 
GCGTGTGACT TATCTTTGTT TCCTCACGTT CGCCTGTCAT ATACTCCTTC CATCCGGTAT 
TAGTTGGCGT TCAAACGGAT ATATCTAGA 



540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1469 
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